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Abstract: In this article, I have studied the cosmological and particle physics con¬ 
straints on a generic class of large held (|A(;/)| > Mp) and small held (|A(/)| < Mp) 
models of brane inhationary magnetic held from: (1) tensor-to-scalar ratio (r), (2) 
reheating, (3) leptogenesis and (4) baryogenesis in case of Randall-Sundrum single 
braneworld gravity (RSII) framework. I also establish a direct connection between 
the magnetic held at the present epoch (Rq) cind primordial gravity waves (r), which 
give a precise estimate of non-vanishing CP asymmetry {ecp) in leptogenesis and 
baryon asymmetry in baryogenesis scenario respectively. Further assuming 
the conformal invariance to be restored after inhation in the framework of RSII, 
I have explicitly shown that the requirement of the sub-dominant feature of large 
scale coherent magnetic held after inhation gives two fold non-trivial characteris¬ 
tic constraints- on equation of state parameter {w) and the corresponding energy 
scale during reheating epoch. Hence giving the proposal for avoiding the con¬ 

tribution of back-reaction from the magnetic held I have established a bound on 
the generic reheating characteristic parameter {Rrh) and its rescaled version {Rsc), 
to achieve large scale magnetic held within the prescribed setup and further ap¬ 
ply the CMB constraints as obtained from recently observed Planck 2015 data and 
Planck-|-BICEP2-|-Keck Array joint constraints. Using all these derived results I 
have shown that it is possible to put further stringent constraints on various classes 
of large and small held inhationary models to break the degeneracy between various 
cosmological parameters within the framework of RSII. Finally, I have studied the 
consequences from two specihc models of brane inhation- monomial and hilltop, after 
applying the constraints obtained from inhation and primordial magnetic held. 
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1 Introduction 

Large scale magnetic flelds are ubiquitously present across the entire universe. They 
are a major component of the interstellar medium e.g. stars, galaxies and galac¬ 
tic clusters of galaxies It has been verifled by different astronomical observa¬ 
tions, but their true origin is a big mystery of cosmology and astro-particle physics 
[3-6]. The proper origin and the limits of the magnetic flelds within the range 
0{5 X 10“^^ — 10“^^) Gauss [7] in the intergalactic medium have been recently stud¬ 
ied using combined constraints from the Atmospheric Cherenkov Telescopes and the 
Fermi Gamma-Ray Space Telescope on the spectra of distant blazars. The upper 

^Magnetic fields in galaxies have a strength , 0(5 x 10“® — 10“"^) Gauss [1] and the detected 
strength within clusters of galaxies is, 0(10“® — 10“®) Gauss [2]. 
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bound on primordial magnetic fields could be also obtained from the Cosmic Mi¬ 
crowave Background (CMB) and the Large Scale Structure (LSS) observations, and 
the current upper bound is given by 0(10“®) Gauss from Faraday rotations [8, 9] and 
the lower bound is fixed at 0(10“^^) Gauss by HESS and Fermi/LAT observations 
[10-12], If the magnetic fields are originated in the early universe, then they mimics 
the role of seed for the observed galactic and cluster magnetic field, as well as directly 
explain the origin of the magnetic fields present at the interstellar medium. Among 
various possibilities, inflationary (primordial) magnetic field is one of the plausible 
candidates, through which the origin of cosmic magnetic field at the early universe 
can widely be explained. Within this prescribed setup, large scale coherent magnetic 
fields and the primordial curvature perturbations are generated from the quantum 
fluctuations. However explaining the origin of cosmic magnetic field via inflation¬ 
ary paradigm is not possible in a elementary fashion, as in the context of standard 
electromagnetic theory the action 

Sem = -\j d^x ^ ( 1 . 2 ) 

is conformally invariant. Gonsequently in FLRW cosmological background for a 
comoving observer the magnetic field: 

(1.3) 

always decrease with the scale factor in a inverse square manner and implies the 
rapid decay of magnetic field during inflation. In a fiat universe, this issue can be 
resolved by breaking the conformal invariance of the electromagnetic theory during 
inflationary epoch See refs. [13-26] for the further details of this issue. Due to 
the breaking of conformal invariance of the electromagnetic theory the magnetic field 
gets amplified. On the other hand, during inflation the back-reaction effect of the 

^ In Eq (1.2), is the electromagnetic field strength tensor, which is defined as, 

( 1 . 1 ) 

where is the U{1) gauge field. 

^One of the simplest, gauge invariant model of inflationary magnetogenesis is described by the 
following effective action [14]: 

Sem = -^Jd^x G=^/2(b) (1.4) 

where the conformal invariance of the U{\) gauge field is broken by a time dependent function 
f{(j>){<y: a°‘) of inflaton (p and at the end of inflation 

fipend) —>■ 1 . ( 1 . 5 ) 
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electromagnetic field spoil the underlying picture. Also the theoretical origin and the 
specihc technical details of the conformal invariance breaking mechanism makes the 
back-reaction effect model dependent. However, in this paper, during the analysis it 
is assumed that after the end of inflation conformal invariance is restored in absence 
of source and the magnetic field decrease with the scale factor in a inverse square 
fashion. Also by suppressing the effect of back-reaction after inflation, in this work, 
I derive various useful constraints on- reheating, leptogenesis and baryogenesis in a 
model independent way 

The prime objective of this paper is to establish a theoretical constraint for 
a generic class of large field (|A0| > Mp and small field (|A0| < Mp) model 
of inflation to explain the origin of primordial magnetic field in the framework of 
Randall-Sundrun braneworld gravity (RSII) [28-36, 39-42] from various probes: 

1. Tensor-to-scalar ratio (r), 

2. Reheating, 

3. Leptogenesis [43, 44, 59] and 

4. Baryogenesis [46-49]. 

Throughout the analysis of the paper I assume: 


1. Inflaton field 0 is localized in the membrane of RSII set up and also mini¬ 
mally coupled to the gravity sector at the membrane in the absence of any 
electromagnetic interaction. In this situation the representative action in RSII 
membrane set up can be expressed as: 


S = / 


- 2A, 


- {d<pf + V{<P) 


a 


s(y) 


(1.8) 


^Additionally it is important to mention here that the back-reaction problem is true for some 
class of inflationary models. But on the contrary there exist also many inflationary models in 
cosmology literature in which back-reaction is not at all a problem [23, 24, 27]. For completeness 
it is also mention here that, in the original model proposed as in [14], back-reaction is not an big 
issue in the relevant part of the parameter space. 

®Field excursion of the inflation filed is defined as: 


Ad — dcm6 4^endt (^T) 

where dcmb represent the field value of the inflaton at the momentum scale k which satisfies the 
equality, 

k = aH = —ri~^ « fc*, (IT) 

where (a, H, rj) represent the scale factor , Hubble parameter, the conformal time and pivot 
momentum scale respectively. Also (pend is the field value of the inflaton defined at the end of 
inflation. 
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where the extra dimension “y” is non-compact for which the covariant formal¬ 
ism is applicable. Here M 5 represents the 5D quantum gravity cut-off scale, A 5 
represents the 5D bulk cosmological constant, 0 is the scalar inflaton localized 
at the brane and \/—G is the determinant of the 5D metric. It is important 
to mention that, the scalar inflaton degrees of freedom is embedded on the 3 
brane which has a positive brane tension a and it is localized at the position of 
orbifold point y = 0. The exact connecting relationship between M 5 , A 5 and a 
is explicitly mentioned in the later section of this article. Also for the sake of 
simplicity, in the RSII membrane set-up, during cosmological analysis one can 
choose the following sets of parameters to be free: 

• 5D bulk cosmological constant A 5 is the most important parameter of 
RSII set up. Only the upper bound of A 5 is hxed to validate the Effective 
Field Theory framework within the prescribed set up. Once I choose the 
value of A 5 below its upper bound value, the other two parameters- 5D 
quantum gravity cut-off scale M 5 and the brane tension a is hxed from 
their connecting relationship as discussed later. In this paper, I £x the 
values of all of these RSII braneworld gravity model parameters by using 
Planck 2015 data and Planck-|-BICEP2/Keck Array joint constraints. 

• The rest of the free parameters are explicitly appearing through the struc¬ 
tural form of the inhationary potential V{(j)). For example in this article 
I have studied the cosmological features from monomial and hilltop po¬ 
tential. For both the cases the characteristic index f3, which controls the 
structural form of the brane inhationary potential are usually considered 
to be the free parameter in the present context. Additionally, for both the 
potentials the tunable energy scale Vq is also treated as the free parame¬ 
ter within RSII set up. Finally, the mass parameter y can also be treated 
as the free parameter of hilltop potential. Most importantly, all of these 
parameters can be constrained by applying the observational constraints 
obtained from Planck 2015 and Planck-|-BICEP2/Keck Array joint data. 

2 . Once the contribution from the electromagnetic interaction is switched on at 
the RSII membrane, the inhaton held 0 gets non-minimally coupled with grav¬ 
ity as well as U{1) gauge helds as depicted in Eq (1.4). But for the clarity 
it is important to note that, in this paper I have not explicitly discussed the 
exact generation mechanism of inhationary magnetic held within the frame¬ 
work of RSII membrane paradigm. Most precisely, here I explicitly assume a 
preexisting magnetic held parametrized by an amplitude, spectral index and 
running of the magnetic power spectrum. Consequently the exact structural 
form of the non-minimal coupling is not exactly known in terms of the RSII 
model parameters. Additionally, it is important to mention here that in the 
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rest of the paper I assume that the initial magnetic held is originated through 
some background mechanism during inhation in RSII membrane set up. Here 
the representative action in RSII membrane set up can be modihed as: 

S = - 2 A 5 - I Q (S.#.)" + KW j 

+ + aj %) , (1.9) 

where /( 0 ) plays the role of inhaton held dependent non-minimal coupling in 
the present context. 

3. The conformal symmetry of the quantized version of the U{1) gauge helds 
breaks down in curved space-time through which it is possible to generate 
sizable amount of magnetic held during the phase of single held inhation. Con¬ 
formal invariance is restored at the end of inhation such that the magnetic held 
decays as inverse square of the scale factor. 

4. Slow-roll prescription perfectly holds good for the RSII braneworld version of 
the inhationary paradigm. 


5. I also assume the instantaneous transitions between inhation, reheating, radi¬ 
ation and matter dominated epoch which involves entropy injection. In the 
prescribed framework specihcally reheating phenomena is characterized by the 
following sets of parameters: 

• Instantaneous equation of state parameter: 

= P(A4)/p(A4), (1.10) 


where A/j, is the number of e-foldings and P{Nb) and p{Afb) characterize 
the instantaneous pressure and energy density in RSII membrane set up. 

• Mean equation of state parameter: 


'^reh 



( 1 . 11 ) 


where N'reh;b and Nend-,b represent the number of e-foldings during reheat¬ 
ing epoch and at the end of inhation respectively. 

• Reheating energy density preh- 

• Reheating temperature Treh- 
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• Reheating parameter and its rescaled version; 


/ Preh 

i 12(l + ™reh) 

/ 

(1.12) 

\ Pend J 






Rrad ^ 

Pend 

Mp' 

(1.13) 


where pend and Mp represent the energy density at the end of inflation 
and 4D effective Planck mass. 

• Change of relativistic degrees of freedom between reheating and present 
epoch is characterized by a parameter Areh, which is explicitly dehned in 
the later section of this paper. 

6 . Contribution from the correction coming from the non-relativistic neutrinos 
are negligibly small. 

7. Initial condition for inflation is guided via the Bunch-Davies vacuum. 

8 . The effective sound speed during inflation is hxed at C 5 = 1. 

The plan of the paper is as follows. 

• In the section 2, I will explicitly mention the various parametrization of mag¬ 
netic power spectrum and its cosmological implications. 

• In the section 3, I will explicitly show that for all of these generic class of 
inflationary models it is possible to predict the amount of magnetic held at 
the present epoch {Bq), by measuring non-vanishing CP asymmetry {ecp) in 
leptogenesis and baryon asymmetry (pb) in baryogenesis or the tensor-to-scalar 
ratio. 

• In this paper I use various constraints arising from Planck 2015 data on the 
amplitude of scalar power spectrum, scalar spectral tilt, the upper bound on 
tenor to scalar ratio, lower bound on rescaled characteristic reheating parameter 
and the bound on the reheating energy density within 1.5a — 2a statistical CL. 

• I also mention that the GR limiting result {p << a) and the difference between 
the high energy limit result {p » a) of RSII. 

• Further assuming the conformal invariance to be restored after inhation in the 
framework of Randall-Sundrum single braneworld gravity (RSII), I will show 
that the requirement of the sub-dominant feature of large scale magnetic held 
after inhation gives two fold non-trivial characteristic constraints- on equation 
of state parameter [w) and the corresponding energy scale during reheating 
iPrh^) epoch in section 3. 
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• Hence in section 4 and 5, avoiding the contribution of back-reaction from the 
magnetic held, I have established a bound on the reheating characteristic pa¬ 
rameter {Rrh) and its rescaled version (-R^c), to achieve large scale magnetic 
held within the prescribed setup and apply the Cosmic Microwave Background 
(CMB) constraints as obtained from recent Planck 2015 data [50-52] and the 
joint constraint obtained from Planck-|-BICEP2-|-Keck Array [53]. 

• Finally in section 6, I will explicitly study the cosmological consequences from 
two specihc models of brane inhation- monomial (large held) and hilltop (small 
held), after applying all the constraints obtained in this paper. 

• Moreover, by doing parameter estimation from both of these simple class of 
models, I will explicitly show the magneto-reheating constraints can be treated 
as one of the probes through which one can distinguish between the prediction 
from both of these inhationary models. 

2 Parametrization of magnetic power spectrum 

A Gaussian random magnetic held for a statistically homogeneous and isotropic 
system is described by the equal time two-point correlation function in momentum 
space as [23]: 


(B;(k,r/)Hj(k',r/)) = (2-1) 

where Pb(^) represents the magnetic power spectrum ® and 'Pij(k) characterize the 
dimensionless plane projector onto the transverse plane is dehned as [54, 55]: 

Ti,(k) = y(k)e-^(k) = (Sij - kik,) (2.3) 

A=±l 

in which the divergence-free nature of the magnetic held is imposed via the orthog¬ 
onality condition, 

= 0. (2.4) 

Here kj signihes the unit vector which can be expanded in terms of spin spherical 
harmonics. See ref. [54] for the details of the useful properties of the projection 

®It is important to note that here for magnetic power spectrum equivalently one can use the 
following definition of two-point correlation function [54, 55]: 

(B*(k,r?)BAk',r?)) = (27r)V3)(k - k')4^,Ak)A3(fc), (^.2) 

where PB{k) is a magnetic power spectrum. 
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tensors of magnetic modes. Additionally, it is worthwhile to mention that in the 
present context, Pb(^) he the part of the power spectrnm for the primordial magnetic 
field which will only contribnte to the cosmological pertnrbations for the scalar modes 
and the Faraday Rotation at the phase of deconpling 

The non-helical part of the primordial magnetic power spectrnm is parameterized 
within the npper and lower cnt-off momentnm scale {ki < k < /ca) as ® [56]: 


Ab 


for Case I 


PB{k) 


Ab 

< 

Ab 

Ab 



riB 




for Case II 

(2.7) 

for Case III 

for Case IV 


where Ab represents the amplitnde of the magnetic power spectrnm, riB is the mag¬ 
netic spectral tilt, ob is the rnnning and kb be the rnnning of the magnetic spectral 
tilt. Here the npper cnt-off momentnm scale {k\) corresponds to the Alfven wave 
damping length-scale, representing the dissipation of magnetic energy dne to the gen¬ 
eration of magneto-hydrodynamic (MHD) waves. Additionally, K being the pivot 

Tt is important to mention here that, the exact form of the magnetic power power spectrum 
strongly depends on the production mechanism of primordial magnetic field within RSII membrane 
setup, which I have not studied in this paper. 

®It is important to note that here if I start with Eq (2.2), then equivalently one can use the 
following parametrization of magnetic power spectrum Puik): 


Pnik) 


Ab 


27r^ 


Psik) = < 


Ab 

Ab 




3 


riB+3 


nB+3+^ 'n(A) 

riB+3+-f^ 




for Case A 


for Case B 
for Case C 


(2.5) 


for Case D 


where Ab represents the amplitude of the magnetic power spectrum defined as: 

ie = (2.6) 

Here Ab characterizes the amplitude of the magnetic power spectrum as defined in Eq (2.7) and /c* 
be the pivot scale of momentum. But instead of using the above structure of magnetic power spec¬ 
trum in the rest of the paper I use the parametrization of the magnetic power spectrum mentioned 
in Eq (2.7). 















or normalization scale of momentnm. Now let me briefly discuss the physical signif¬ 
icance of the above mentioned four possibilities 

• Case I stands for a physical situation where the magnetic power spectrum is 
exactly scale invariant and it is characterized by ub = 0 , 

• Case II stands for a physical situation where the magnetic power spectrum 
follows power law feature in presence of magnetic spectral tilt ub, 

• Case III signihes a physical situation where the magnetic power spectrum 
shows deviation from power law behaviour in presence of running of the mag¬ 
netic spectral tilt a-Q along with logarithmic correction in the momentum scale 
(as appearing in the exponent) and 

• Case IV characterizes a physical situation in which the magnetic power spec¬ 
trum is further modihed compared to the Case III , by allowing running of the 
running of the magnetic spectral tilt k-q along with square of the momentum 
dependent logarithmic correction. 

In £g. l(a)-£g. 1(c) by following the convention stated in Eq (2.1), I have explicitly 
shown the variation of the magnetic power spectrum with respect to momentum scale 
k for 

1. ub ^ 0, ttB — 0, Kb ~ 0, 

2 . ub < 0, Ob 7 ^ 0 , Kb = 0 and 

3. riB < 0, ttB 7 ^ 0, Kb 7 ^ 0 respectively. 

® If one follows the convention as stated in Eq (2.5), the physical interpretation of the magnetic 

power spectrum parametrization for the four possibilities are changed as: 

• Case A stands for a physical situation where the magnetic power spectrum is scale depen¬ 
dent and follows the cubic power law, 

• Case B stands for a physical situation where the magnetic power spectrum follows power 
law (riB + 3) feature in presence of magnetic spectral tilt ub ■ In this case the scale invariant 
power spectrum can be achieved when we take ns = —3. 

• Case C signifies a physical situation where the magnetic power spectrum shows deviation 
from power law behaviour in presence of running of the magnetic spectral tilt as and 

• Case D characterizes a physical situation in which the magnetic power spectrum is further 
modified by allowing running of the running of the magnetic spectral tilt kb- 

However for all the cases the amplitude As is pivot scale dependent by following the relation stated 
in Eq (2.6). 
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PB(k)/Ag vskplotfor Case II 



Pfilkl/Ag vs k plot for Case HI 



k(iiiMpc'') 


(a) Ps vs ns- 


(b) Ps vs /3. 


PfiCkVAfi vs k plot for Case IV 



(c) n vs p. 


Figure 1. Variation of the magnetic power spectrum with respect to momentum scale k 
for 1(a) nB < 0,q;b = 0, kb = 0, l(b)nB < 0,aB 7^ 0,kb = 0 and 1(c) tt-b < 0,aB / 
0, Kb / 0. 
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It is important to note that the most recent observational constraint from CMB 
temperature anisotropies on the amplitude and the spectral index of a primordial 
magnetic field has been predicted by using Planck 2015 data as [50, 51] 


Bi Mpc < 4.4nG 


( 2 . 8 ) 


with magnetic spectral tilt 


ub < 0 


(2.9) 


at 2cr CL. If, in near future, Planck or any other observational probes can predict 
the signatures for and kb in the primordial magnetic power spectrum (as already 
predicted in case of primordial scalar power spectrum within 1.5 — 2(j CL [52]), then 
it is possible to put further stringent constraint on the various models of inflation. 

3 Constraint on inflationary magnetic fleld from leptogene- 
sis and baryogenesis 

In the present section, I am interested in the mean square amplitude of the primordial 
magnetic held on a given characteristic scale on which I smooth the magnetic power 
spectrum using a Caussian Liter as given by [55]: 



(3.1) 


Here in Case III and Case IV of Eq (2.7) describes a more generic picture where 
the magnetic power spectrum deviates from its exact power law form in presence of 
logarithmic correction. Consequently, the resulting mean square primordial magnetic 
held is logarithmically divergent in both the limits of the integral as presented in 
Eq (3.1). But in Case I and Case II of Eq (2.7) no such divergence is appearing. To 
remove the divergent contribution from the mean square amplitude of the primordial 
magnetic held as appearing in Case III and Case IV of Eq (3.1), I introduce here 
cut-oh regularization technique in which I have re-parameterized the integral in terms 
of regulated UV (high) and IR (low) momentum scales. Most importantly, for the 
sake of completeness in all four cases, here I introduce the high and low cut-ohs 
k\ and are momentum regulators to collect only the finite contributions from 
Eq (3.1). Finally I get the following expression for the regularized magnetic held: 



(3.2) 


^°Here Bi Mpc represents the comoving field amplitude at a scale of 1 Mpc. 

standard prescriptions, Gaussian filter is characterized by a Gaussian window function 
exp (—defined in a characteristic scale 
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where 


Tf (f) 

JkL \KJ 


'^L 

dk . ,2,2^ f k 

/ TT F Ur 
JkL V k* 


I^{kL;kA) = < 


nB +2 


for Case I 


for Case II 


r * exp(-.^?^) r ttt 

Xdl . /iW‘=«+=P'"(^)+=f >«*(£) 

/ — exp [—K^ ) ( TT ) Case IV . 


\ J kL 




(3.3) 

The exact expression for the regularized integral function I^{kL]k\) are explicitly 
mentioned in the appendix 8.1 for all four cases. It is important to mention here 
that, for Case I and Case II , I^{ki ^ 0] k\ ^ oo) is hnite. But for rest of the two 
cases, I^{kL —)■ 0;fcA —)■ cx)) —)■ oo. On the other hand, in absence of any Gaussian 
hlter, the magnetic energy density can be expressed in terms of the mean square 
primordial magnetic held as [55]: 


PB = rI P3(p) (3.4) 

which is logarithmically divergent in UV and IR end for Case III and Case IV . For 
rest of the two cases also the contribution become divergent, but the behaviour of the 
divergences are different compared to the Case III and Case IV . After introducing 
the momentum cut-offs as mentioned earlier, I get the following expression for the 
regularized magnetic energy density as: 


, X J{kL]kf,) J{kL]kK)Bl{kL]kK) 

Pb(F; F) = ——Ab = 


where 


J(F; F) = < 


dk 

I kjf 

dk 
Ll k* 
dk 
K 
dk 


'^L 

rkA 


Stt^ 


44(F; F) 


n.B+2 


^ \ "B+ 2 +^ln(^) 


K \k 


nB+ 2 +^ln(^) + ^niA(^) 


for Case I 


for Case II 


for Case III 


for Case IV 


(3.6) 


(3.6) 


where I use Eq (3.2). Here the regularized integral function J(F;F) are explicitly 
written in the appendix 8.2 for all four possibilities. 
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Now to derive a phenomenological constraint here I fnrther assnme the fact that 
the primordial magnetic held is made np of relativistic degrees of freedom. In this 
physical prescription, the regularized magnetic energy density can be expressed as 

|57|: 

PB{kL\k^)~’^g,T‘~O(10~^^)y— (3-7) 

oU ecp 

where the CP asymmetry parameter ecp is dehned as: 


ecp 


rz.(iv^ ^ + rL.(iv^ ^ 


Ri 0(|AH sin^cp 


(3.8) 


for the standard leptogenesis scenario [58, 59] where the Majorana neutrino {Npi) 
decays through Yukawa matrix interaction (A) with the Higgs (<h) and lepton (L) 
doublets. Here ^cp is the CP-violating phase and for heavy majorana neutrino {Nn) 
mass 

~ 10^° GeV (3.9) 

the Yukawa coupling is given by. 


|Ap = 0(10"^®). 


(3.10) 


Now combining Eq (3.5) and Eq (3.7), I derive the following simplihed expression 
for the root mean square value of the primordial magnetic held at the present epoch 
in terms of the CP asymmetry parameter (ecp) as: 


Bo ~ 0(10-^^) X 


/ 


k(kL 

J(kL = 


= kp] kA) 

ko] kiC)ecF 


Gauss 


where I use the temperature at the present epoch 


(3.11) 


To ~ 2 X 10"^ eV 


(3.12) 


and 

1 Gauss = 7 X 10-2° GeV^. (3.13) 


In addition, here in this paper, I hx the IR cut-oh scale of the momentum at the 
present epoch i.e. k^ = kp. Consequently the momentum integrals satisfy the fol¬ 
lowing constraint: 


/ 


hikL - 

J(kL^ 


kp] kp,) 
kp] kiCj 


10 "®. 


(3.14) 


Further using Eq (8.16) and Eq (8.17) in Eq (3.14) one can write the following 
constarints for all four cases of the parametrization of magnetic power spectrum as: 



VI [kl 


TT [erf(^kA) 


^ _ 

erf(ekL)] ’ 


Case I : K ~ 0(8.17 x 10“°) x 


(3.15) 











rsj 


Case II ; 




0{2 X 10“^'’) X 




{ns+ 3) r((^,efci)-r((^,efci 


Case III ; 


vr erf (^k) 

2 ^ 

k / 2V pFq 


k 


1 + Qln — +VW — 


k 


K 




Q + 2V\n 


1 1 1 
2 ’ 2 ’ 2 
k 
K 


P^Q 


1 1 
2 ’ 2 


3 3 
2 ’ 2 




0(10-^^) X k 


Case IV : 


(1 + 2P- Q) + (Q-2 P)ln - +Pln" — 


A; 




A; 


K 


k=k\ 


- fc=/ci: 
k=k/^ 


k=kL 


(3.17) 


TT erf (^A;) 


1 + Qln - +PlnM — +J^lnM- 


— ) <; -6F pFq 

ri/ji, 


2 ’ 2 ’ 2 ’ 2 


K 


3 3 3 3 




2 ’ 2 ’ 2 ’ 2 


2 ( P + 3J^ln ( - 

^5k 


k 


PPQ 


111 


Q + 2Pln ( — ) +6J^ln" ( — 

^5k 


X P-^Q 
0 ( 10 -^®) 


A:. 

1 1 


2 ’ 2 ’ 2 


k 


3 3 3 


2 ’ 2 


3 3 




2 ’ 2 


‘ 2,2 


2 ’ 2 ’ 2 

k=kA 
k=kL 




k 


{l-QF + 2V-Q) + {<oF -2V+Q) In ( — 

n^sk 


{3F-V)ln^^)+Fln^ (f 


k=k\ 


k=kT 


(3.18) 


where 


Q = np + 2, (3.19) 

P = «b/2, (3.20) 

F=kbIQ. (3.21) 

The conformal symmetry of the quantized electromagnetic held breaks down in 
curved space-time which is able to generate a sizable amount of magnetic held dur¬ 
ing a phase of slow-roll inhation. Such primordial magnetism is characterized by 
the renormalized mean square amplitude of the primordial magnetic held at leading 
order in slow-roll approximation for comoving observers as [60]: 

F( 0 )eb( 0 ) 




(3.22) 
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where V{(j)) represents the inflationary potential, a represents the brane tension of 
RSII setnp and Mp ~ 2.43 x 10^® GeV be the fonr dimensional reduced Planck mass. 
Within RSII setup the visible brane tension a can be expressed as [33]: 


a = = ^J-2AM|h > 0 (3.23) 

where A 5 be the scaled 5D bulk cosmological constant defined as [33]: 

A, = 4^ < 0. (3.24) 

Also the 5D quantum gravity cut-off scale can be expressed in terms of 5D cosmo¬ 
logical constant and the 4D effective Planck scale as: 

Ml = (3.25) 


In the high energy regime the energy density p » a the slow-roll parameter 6^(0) 
in the visible brane can be expressed as [33]: 


efe(0) ^ 


2MXR'(0))2 

1 / 3 ( 0 ) 


(3.26) 


It is important to note that Eq (3.22) is insensitive to the intrinsic ambiguities of 
renormalization in curved space-times. See the appendix where I have mentioned 
the inflationary consistency conditions within RSII setup. Around the pivot scale 
k = I can write: 

ek(fc)«^ + '". (3.27) 

where ■ ■ ■ includes the all the higher order slow-roll contributions. Here r = Pt/Ps 
represents the tensor-to-scalar ratio. The recent observations from Planck (2013 and 
2015) and Planck-|-BICEP2-|-Keck Array puts an upper bound on the amplitude of 
primordial gravitational waves via tensor-to-scalar ratio. This bounds the potential 
energy stored in the inflationary potential within RSII setup as [33]: 


~ V2vr2P5(A(*)r(fc,)Mpi/V'/® < ^^-Ps{K)r{k*W Mp 


= (1.96 X lO^^GeV) x 


r{K) 

0.12 


1/4 


(3.28) 


where Ps{k^) represents the amplitude of the scalar power spectrum. More precisely 
Eq (3.28) can be recast as a stringent constraint on the upper bound on the brane 
tension in RSII setup during inflation as: 

O' < Ps{K)r{K)Mp. (3.29) 
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It is important to note that, to validate the effective held theory prescription within 
the framework of small held models of inhation, the model independent bound on 
the brane tension, the 5D cut-oh scale and 5D bulk cosmological constant can be 
written as [33]: 


a < 0(10"^) Ms < 0(0.04 - 0.05) Mp, As > -0(10-^®) (3-30) 


If I go beyond the above mentioned bound on the characteristic parameters of RSII 
then one can describe the inhationary paradigm in large held regime. Please see 
ref. [33] for further details. 

Finally using this constraint along with Eq (3.5) in Eq (3.22) I get the following 
simplihed expression for the root mean square value of the primordial magnetic held 
in terms of the tensor-to-scalar ratio r in RSII setup as 




r(fc*) 

0.12 


5/2 


/M^ 

/ O 


^TikL,k,) X ( 


X - 


'/g(fcL; fey) 

J{kL,k^) 


Gauss. 


Regulator in RSII 


(3.34) 

At the present epoch the regulating factor Ss(/ci = /cq; ^*) appearing in Eq (3.34) is 
lying within the window. 


2/5 

0(4.77 X 10^^) < Es(fcL = ko,K)x < 0(10-^^-®), (3.35) 


for the tensor-to-scalar ratio. 


10"^^ < r* < 0.12 (3.36) 

case of the low energy limit of RSII setup i.e. when the energy density of the matter content 
(Pm) is much higher compared to the RSII brane tension cr then the actual version of the Friedmann 
equations in RSII setup are mapped into the Friedmann equations known for General Relativistic 
setup. Technically this statement can be expressed as: 




Pm 

zm! 


( \ 

1 + ^ 
2a 

V '<^7 


Pm 


(3.31) 


In the low energy regime of RSII the lower bound of the CP asymmetry parameter can be written 
as [56]: 


S?(^r;fcA)^G(104")x 


r{K) 

0.12 


3/2 




Regulator in GR 


J{kL]kf^) 


Gauss. 


(3.32) 


where = fco,^*) plays the GR analogue of the regulator and satishes the following stringent 
constraint: 


0 ( 10 - 2 / 3 ) < = kQ,k^) < 0 ( 10 - 3 °). 


( 3 . 33 ) 

















at the momentum pivot scale, /c* ~ 0.002 Mpc“^. Here the “b” subscript is used to 
specify the fact that the analysis is done within RSII setup. Now by setting ki = 
at the present epoch, the estimated numerical value of the primordial magnetic held 
from RSII setup turns out to be: 

Bq = B^{kL = ko; k\) ~ 0(10“®) Gauss. (3.37) 

Further using Eq (3.11) I get following expression for the lower bound of the CP 
asymmetry parameter within RSII setup as 

.CP>0(10-»)X = (^)^ (3.39) 

which is pointing towards the following possibilities within RSII setup: 

1. For the large tensor-to-scalar ratio the signihcant features of CP asymmetry 
can be possible to detect in future collider experiments. For an example we 
consider a situation where the tensor-to-scalar ratio is, 

r{k^) ~ 0.12 (3.40) 

and in such a case the lower bound of CP asymmetry is given by 

ecp > 10“'® (3.41) 

in RSII braneworld. For GR one can also compute the lower bound of CP 
asymmetry parameter and it turns out to be 

ecp > 10“'® (3.42) 

for GR limit [56]. 

2. For very small tensor-to-scalar ratio the CP asymmetry is largely suppressed 
and can’t be possible to detect in the particle colliders. For an example if 
tensor-to-scalar ratio, 

r{k,) ~ 10“^® (3.43) 

then the lower bound of CP asymmetry is given by 

ecp > 10“'® (3.44) 

case of low energy regime of RSII or equivalently for GR prescribed setup the lower bound 
of the CP asymmetry parameter can be written as [56]: 

ecP>C(10“^'®)x = (3-38) 

where S(fcL = ko, fc*) plays the GR analogue of the regulator. 
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in RSII braneworld. Similarly the lower bound of CP asymmetry parameter in 
GR prescribed setup can be computed as [56] , 

ecp > (3.45) 


If, in near future, any direct/indirect observational probe detects the signatures of 
primordial gravitational waves by measuring large detectable amount of tensor-to- 
scalar ratio then it will follow the hrst possibility. For a rough estimate for CP 
asymmetry in terms of neutrino masses one can write: 


ecp ~ 


3 Mim^ 
IGtt 


rsj 


0.1 


Ml 


(3.46) 


This implies that in the first case it is highly possible to achieve the upper bound of 
CP asymmetry parameter [56], 

ecp < 10-® (3.47) 

for 

M 1 /M 3 ~ rriu/rnt ~ 10“^, (3.48) 

by tuning the regulating factor as well the brane tension of RSII setup at the pivot 
scale /c* ~ 0.002 Mpc“^ to the following value 

2/5 

E,{kL = ko,K) X < 0{A X 10-^9), (3.50) 


which is required to accommodate mass hierarchy of the heavy Majorana neutrino 
at the scale of 10^*^ GeV. Additionally it is important mention here that the heavy 
Majorana neutrino Nr is the ideal candidate for baryogenesis as decays to lepton- 
Higgs pairs yield lepton asymmetry 


{L)t ^ 0 , (3.51) 

partially converted to baryon asymmetry 

{B)t ^ 0 . (3.52) 

Also the baryon asymmetry rjE for given CP asymmetry ecp can be expressed as: 

(3.53) 


Ub — Ue k 
VB = - = tCA^CP 


n. 


7 


/ 


case of low energy regime of RSII or equivalently for GR prescribed setup the upper bound 
on the tuning in the regulator can be expressed as: 

= ko,k*) < 0(2.1 X 10-3^). 


(3.49) 
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where / ~ 10^ is the dilution factor which accounts for the increase of the number of 
photons in a comoving volume element between baryogenesis and today, ca represents 
the fraction which is responsible for the conversion of lepton asymmetry to baryon 
asymmetry and exactly quantihed by the following expression: 


Ca 


{B)t 
{B - L)t 


1 

1 _ (Bt ■ 
{B)t 


Usually the conversion factor 

Ca ~ C>( 1 ) 

and in the context of Standard Model 


(3.54) 


(3.55) 


CA = 28/79. 


(3.56) 


Also the determination of the washout factor k requires the details of modihed Boltz¬ 
mann equations within RSII setup. But for realistic estimate one can £x 

K ~ 0(10"^ - 10"^). (3.57) 


The baryon asymmetry is generated around a temperature 

Tb ~ 10^° GeV, 


(3.58) 


which is exactly same as mass scale of the heavy Majorana neutrino and this has 
possibly interesting implications for the nature of dark matter. The observed value 
of the baryon asymmetry [51], 

riB ~ 10"^ (3.59) 

is obtained as consequence of a large hierarchy of the heavy neutrino masses, leading 
to a small CP asymmetry, and the kinematical factors / and k. In case of RSII setup 
using Eq (3.53) the lower bound on baryon asymmetry parameter can be expressed 
as 

>te>O(10-'“)x = ([^])/ (3.61) 


which implies the following possibilities within RSII setup: 

case of GR prescribes setup the lower bound of the CP asymmetry parameter can be written 
as: 


VB > 0(10-“^) X 


0.12 \ 

riK)) 


3 


S-"(fcL 


ko, /c*). 


(3.60) 
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1. For the large tensor-to-scalar ratio the signihcant features of baryon asymmetry 
can be possible to detect in future. For an example we consider a situation 
where the tensor-to-scalar ratio is, 

r{K) ~ 0.12 (3.62) 

and in such a case the lower bound of baryon asymmetry is given by 

r]B > 10-'" (3.63) 

in RSII braneworld. This also implies that in this case it is highly possible to 
achieve the observed baryon asymmetry parameter, 

r]B ~ 10“® (3.64) 

by adjusting the regulating factor as well the brane tension of RSII setup at 
the pivot scale /c* ~ 0.002 Mpc”' by following the upper bound as stated 
in Eq (3.50). In case of low energy regime of RSII or equivalently for GR 
prescribed setup the lower bound of baryon asymmetry is given by 

VB > (3.65) 

with tensor to scalar ratio 

r{K) ~ 0.12. (3.66) 

2. For very small tensor-to-scalar ratio the baryon asymmetry is largely sup¬ 
pressed and can’t be possible to detect via future experiments. For an example 
if tensor-to-scalar ratio, 

r{K) ~ 10-2^ (3.67) 

then the lower bound of baryon asymmetry parameter is given by 

VB > lO-^"" (3.68) 

in RSII braneworld. Similarly in the low energy regime of RSII or in GR limit 
the lower bound of baryon asymmetry is given by 

VB > lO-^"' (3.69) 

with r{K) ~ 0.12. 

4 Brane inflationary magnetic fleld via reheating 

4.1 Basic assumptions 

Before going to the critical details of the computation, let me hrst briefly mention 
the underlying assumptions and basics of the present setup: 
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The primordial magnetic field is created via quantum vacuum fiuctuation and 
amplified during the epoch of inflation. 


• Conformal invariance is restored at the end of inflation such that the magnetic 
field subsequently decays as a~^, where a is the cosmological scale factor. Con¬ 
sequently the physical strength of the magnetic field today on the large scale 
is given by: 


Bo = 


Bend 

(1 + Zend)"^ 


(4.1) 


where Bq and Bend are the magnetic field today and at the end of inflation 
respectively. Also Zend signifies the redshift at the end of inflation and in terms 
of scale factor it is defined as: 


= ^ - 1. (4.2) 

^end 

In this work I will explicitly show that for all classes of the models of originating 
brane inflationary magnetic field, the redshift Zend depends on the properties of 
reheating. During the epoch of inflation the corresponding wave number can 
be expressed as: 

- = - (1 + Zend) (4.3) 

a Oq 

where the subscript “b” is used to specify the braneworld gravity setup and 
exactly consistent with Eq (4.2). 

• Further I assume the instantaneous transitions between inflation, reheating, 
radiation and matter dominated epoch one can write: 

(l + ^,J = (l + .-„)(^)‘'’7—) (4.4) 

\ Peq / \^end / 

where the subscript “reh” and “eq” stand for end of reheating and the matter 
radiation equality. 


• I also assume that at the present epoch the contribution from the correction 
coming from the non-relativistic neutrinos are negligibly small and so that I 
neglected the contribution from the computation. 


4.2 Reheating parameter 

Let us first start with the reheating parameter Rrad defined by [61]: 

/ \ 1/4 

^ ^ ^ , (4.5) 

®reh \ Preh / 

i®If I fix Rrad = 1 then from Eq (4.5) it implies that p oc a“^, which exactly mimics the role of 
the energy density during radiation dominated era. 
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where the subscript “reh” can be interpreted as the end of reheating era and also the 
beginning of radiation dominated era. More precisely Rrad measures the deviation 
between reheating and radiation dominated era. Now using Eq (4.5) in Eq (4.4) one 
can write: 


(l + .-eJ = (l + zJx (-^) X (^) 

\^reh / \^end / 


R 


rad 


pend 

*^rehp'y 


1/4 


(4.6) 


where in the high energy regime of RSII braneworld the radiation energy density can 
be expressed as: 


P7 "x/ 

represents the energy density of radiation at present epoch and 

4/3 


'^reh — 


Qreh 

9o 


(-)' 

\ QrehJ 


(4.7) 


(4.8) 


is the measure of the change of relativistic degrees of freedom between the reheating 
epoch and present epoch. Also q and g denotes the number of entropy and relativistic 
degrees of freedom at the epoch of interest respectively. Here Hq represents the 
Hubble parameter at the present epoch and signihes the dimensionless density 
parameter during radiation dominated era. To proceed further here I start with the 
expression for the number of e-foldings at any arbitrary momentum scale] as [62-66] : 


A4(fc) = 71.21 - In ( ^ 

Kq 


^ 1, 1, K 

+ T In WT7 + T In- 

4 4 Pend 


+ 


^UJreh 


In 


12 (1 -1“ Wneh) \Pend 


preh 


(4.9) 


where p^nd is the energy density at the end of inflation, preh is an energy scale during 
reheating, fco = ooTfo is the present Hubble scale, K corresponds to the potential 
energy when the relevant modes left the Hubble patch during inflation corresponding 
to the momentum scale /c* ~ kcmbi and Wreh characterizes the effective equation of 
state parameter between the end of inflation and the energy scale during reheating. 
Further using Eq (4.9) one can write: 


AA/fo Are/i;fo Rkend\b ll^ 


^reh 

^end 


= In 


^end 

^reh 


(4.10) 


Now using only the energy conservation one can derive the following expression for 
the reheating energy density: 


preh 


Pend exp 



(1 W{j\fb)) dMb 


K. Pe^^exp [-3AA4 (1 -h Wreh)] (4.11) 


where AA4 is dehned in Eq (4.10) and the mean equation of state parameter Wreh is 
dehned as: 


"^reh — 


AA/fe 


(4.12) 
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where 


w;(A4) = P(A4)/p(A4) (4.13) 

represents the instantaneous equation of state parameter. Further using Eq (4.11) 
in Eq (4.5) one can derive the following expression for reheating parameter: 


R 


rad 


i Preh \ 


12 (l + ^reh) 


\Pend / 


Here Eq (4.14) also implies that for 


(4.14) 


'Wreh 1/3 


(4.15) 


the reheating parameter 


R 


rad 


1 . 


(4.16) 


4.3 Evading magnetic back-reaction 

To evade magnetic back-reaction on the cosmological background in this paper I 
consider the following two physical situations: 

1. In the first situation the reheating epoch characterizes by the lower bound 
on the equation of state parameter at, 


'^reh P f/3 


(4.17) 


and the corresponding energy density during reheating decays very faster com¬ 
pared to the energy density during radiation dominated era. In this case, the 
magnetic back-reaction on the length scales of interest is evaded for the follow¬ 
ing constraint on the ratio of the energy densities [61]: 


PBjZreh) ^ ^ ^ 

preh P'y 


(4.18) 


Now further using the Planckian unit system one can write, 1 Gauss ~ 3.3 x 
10 “^^ Mp and using this unit conversion the photon energy density can be 
written in terms of the magnetic unit as [61], 


~ 5.7 X 10-^2® = 5.2 X 10-^2 Qauss^ (4.19) 


Using Eq (4.14) one can further show that for Wreh > 1/3 the reheating pa¬ 
rameter 

Rrad > 1. (4.20) 

This clearly implies that magnetic back-reaction effect can evaded using this 
constraint. 
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2. In the second situation the reheating epoch characterizes by 


'^reh 1/3 


(4.21) 


and the corresponding energy density of the magnetic held dominate over the 
energy density during reheating epoch. Within this prescription the effect of 
magnetic back-reaction can be neglected, provided the magnetic energy density 
remains smaller compared to the background total energy density at any epoch 

i.e. 

< 1. (4.22) 

Pend 

where the magnetic energy density pB^^d written in terms of the energy 

density at the end of inhationary epoch as: 

PBend ~ (4.23) 

^■^radPl 

Further substituting Eq (4.23) in Eq (4.22) one can compute the lower bound 
on the reheating parameter as [61]: 


Rrad ^ 


(2p.)^/^- 


(4.24) 


The physical interpretation of the bound on reheating parameter is as follows: 

• Firstly it is important to note that the lower bound on reheating param¬ 
eter is true for any models of inhation and completely independent on any 
prior knowledge of inhationary models. 

• Secondly to hold this bound it necessarily requires that the conformal 
invariance has to be satished during the decelerating phase of the Universe. 


Further using Eq (4.11), eq (4.14) and Eq (4.24) I get the following simplihed ex¬ 
pression for the reheating constraint: 


(2p,)V4 


rAA4 

4 


(1 SWreh) 


< 1 


(4.25) 


from which one can compute the following analytical constraint on the mean equation 
of state parameter Wreh as: 


1 

^reh ^ 2 




For an example if I hx the magnetic held at the present epoch within 


(4.26) 


Bq 0(10 Gauss — 10 ® Gauss) 


(4.27) 













then the lower bound of the reheating parameter is constrained within 


Rrad > 0 ( 1.76 X 10 “^ - 10 “^). 


(4.28) 


Consequently the bound on the mean equation of state parameter Wreh can be com¬ 
puted as: 

Wreh<^ (l + ^) (4.29) 

where the numerical factor C ~ 0(18.42 — 43.81) > 0 for Bq ~ 0(10“^^ Gauss — 
10“® Gauss). 

5 Reheating constraints on brane inflationary magnetic fleld 

To derive the expression for the scale of reheating and also its connection with the 
inflationary magnetic held within RSII I start with Eq (4.14) and using this input 
one can write: 


12(l+^reh) 

Preh = PendRrad ' 


( 6 . 1 ) 


Further using the lower limit of the reheating parameter as stated in Eq (4.24), one 
can derive the lower bound of the reheating energy density as: 


/ 


Preh ^ Pend 


Ba 


l-3™T-eh 


^/‘^P'y 


— Pend 


/ M 


-2 


\ 


1 +- 






( 5 . 2 ) 


Now in the high density or high energy regime of RSII, p » a and using the 
Friedmann equation one can write [41, 42]: 


H 


P 


( 5 . 3 ) 


y/^Mp 

where a is the brane tension in RSII setup. Hence using Eq (5.3) the lower bound 
of the reheating energy density can be recast within RSII setup as 


/ 


&(l+tnre.h) 




p-^end 






Preh G MpHend ^ ^ 

the low density regime of RSII braneworld or equivalently in GR limit the lower bound on 
the reheating energy density can be expressed as: 


f—y 


1 +- 


AAC. 


(5.5) 


Preh > ViMpHend 


/ Bo 
\ ^ 


6(l + “r,fe) 

l-3®r.e6 


= I “(..GO 




( 5 . 4 ) 
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where i^end represents the Hubble parameter at the end of reheating and additionally 
Eq (4.29) has to satished to avoid magnetic back-reaction. Here Eq (5.5) implies that 
if the magnetic held is generated via inhation in braneworld then by knowing the 
Hubble scale at the end of inhation as well as the constraint on the brane tension a 
it is possible to constraint the lower bound of the scale of reheating. It is important 
to note that if 

Wreh -t 1/3 (5.6) 


the equality in Eq (5.5) will not hold at all and also in such a situation the exponent 
diverges i.e. 


6(1 y^reh) 
1 ^'^reh 


(5.7) 


This clearly implies that the lower bound of the reheating energy density is zero 
and compatible with the understandings of the physics of originating inhationary 
magnetic held. In the present context the held value at the end of inhation is deter¬ 
mined by the violation of the slow-roll conditions. See Appendix 8.1 for the details. 
Consequently one can derive the following sets of constraints on the generic form of 
inhationary potential and its derivatives at the end of inhation as: 


l/(0end) = (H'(0end))'^' , (5.8) 

1 y /2 

V{(f>end) = (H"(0end)) , (5.9) 

VicPend) = {v'{<Pend)V'''{<Pend)y , (5.10) 

H(0end) = {SMyy {v"" . (5.11) 


For more stringent constraint the system need to satisfy all of the equations as 
mentioned in Eq (5.8-5.11) to hx the scale of inhationary potential at the end of 
inhation. In this case the derivatives or more precisely the Taylor expansion co¬ 
efficients of the inhationary potential at the end of inhation are not independent at 
all. But if the system relaxes any three of the previously mentioned constraints, 
then also it possible to constrain the scale of potential at the end epoch of inhation. 
Consequently Eq (5.5) can be recast in terms of the generic form of the inhationary 
potential as: 


Preh ^ C(0end) 



6 (l + m^pfc) 

l-3™reh 


~ V (0en(i) 



-2 


\ 


1 +- 




‘"(AS’)/ 


(5.12) 


Here it is important to note that during reheating both kinetic and potential con¬ 
tribution play crucial role in the energy density. Later I will explicitly show the 
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estimation algorithm of V{(j)end) from a generic as well as for specified form of in¬ 
flationary potential for the determination of the lower bound of the energy density 
during reheating. 

In the high energy regime of RSII setup during reheating one can write the total 
decay width for the decay of heavy Majorana neutrinos as [31, 32]: 

/ Q 

Ttotai = TLiNR ^ + ric(iV^ ^ = 3H{Treh) ^ (5.13) 

V 2(7 Mp 

where H{Treh) be the Hubble parameter during reheating and preh represents the 
energy density during reheating. In the context of statistical theormodynamics one 
can express the reheating energy density as: 

TT^ 

preh ~^9*Treh 

where signihes the effective number of relativistic degrees of freedom. In a more 
generalized prescription can be expressed as: 

7 

g* = gs* + ^gr* (5.15) 


where gs* and gp* are the number of bosonic and fermionic degrees of freedom 
respectively. It is worth mentioning that the reheating temperature within RSII 
does not depend on the initial value of the inflaton field from where inflation starts 
and is solely determined by the elementary particle theory of the early universe. 
Further using Eq (5.13) and Eq (5.14) the reheating temperature within the high 
energy regime of RSII setup can be expressed as [31, 32]: 

Trek = ( ' X (Ftoi^^Mp)'/^ X ' . (5.17) 


On the other hand the reheating temperature can be expressed in terms of the tensor- 
to-scalar ratio as: 


Treh 


/ 30 \ 

X (1.96 X lO^^GeV) x 
9* J 


f 

\O.i 2 ) 


(5.18) 


^®In the low energy regime of RSII or equivalently in the GR limit the reheating temperature can 
be expressed as [65, 67, 68]: 


Trfh = 



fPtotalMp 


1/2 


(5.16) 
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Now eliminating reheating temperature from Eq (5.17) and Eq (5.18) one can express 
the total decay width in terms of inflationary tensor-to-scalar ratio as 


Ttotai = 4.23 X lO-'^M^ X 




(5.20) 


Further combining Eq (4.11) and Eq (5.14) the energy density of inflaton at the end 
of inflation can be expressed in terms of tensor-to-scalar ratio as: 

pend ~ V{(j)end) = (1-96 X lO^^GcV)^ X X exp [3 (1 d- Wreh) AA4] • (5.21) 

Similarly using Eq (5.21) in Eq (5.12) the reheating energy density or more precisely 
the scale of reheating can be expressed in terms of the tensor-to-scalar ratio, mean 
equation of reheating Wreh and magnetic held at the present epoch as: 

6(1+Wrgh) 

l-3™reh 

. (5.22) 

Further applying the constraint in the mean equation of reheating parameter as 
stated in Eq (4.26) the lower bound of the scale of reheating energy density can be 
recast as: 

4Ajy, 

X exp [4AA4] X . (5.23) 

Next I will explicitly derive the expression for the density parameter during radiation 
dominated epoch (fl^ad) and further I will connect this to the density parameter of 
the magnetic held (hl^^^^). To serve this purpose I start with the analysis in the high 
energy regime of the RSII braneworld in which the dimensionless density parameter 
can be expressed as: 

VL = — (5.24) 

PcpO 

where the critical energy density in RSII braneworld can be written as: 


Preh > (1.96 X lO^^GeV)^ x 


Preh ^ 


(1.96 X lO^^GeV)^ x x exp [3 (1 -F Wreh) AA4] x 


pc = 2a 


(5.25) 


and the energy density at the present epoch can be written as: 

Po = ^MlHl (5.26) 

^®In the low energy regime of RSII or equivalently in the GR limit total decay width of the heavy 
Majorana neutrino can be written as: 


( r{K) \ 


Ttotai = 1.13 X lO-^Mp X 


0.12 


1/2 


(5.19) 















Now using Eq (4.6) in Eq (4.23) one can write the magnetic energy density in terms 
of redshift as: ^ 

PBend = ^ (1 + Zeqf exp [AAfb (1 - 3wreh)] (5.27) 

and using Eq (5.27) the dimensionless density parameter for magnetic field can be 
written as: 

(1 - . (8.28) 

In the high energy regime of RSII braneworld one can write the density parameter 
at the end of inflation in terms of the density parameter at the radiation dominated 
era and redshift as: 

^end = (1 + ^eq)^ ^rad- (5.29) 

Further substituting Eq (5.31) in Eq (5.30) I get the following constraint relationship: 


Next using Eq (5.21) one can write down the expression for the dimensionless pa¬ 
rameter at the end of inflationary epoch as: 

/rik I \ ^ 

X (1.79 X 10“^^) X ( ) X exp [6 (1 -1- Wreh) AUb] • (5.31) 


QaHl 


0.12 


Further applying the constraint in the mean equation of reheating parameter as 
stated in Eq (4.26) the dimensionless density parameter can be expressed in terms 
of the magnetic field at the present epoch as: 

^ ■x(1.79xl0“^^)x 


^end 


6aH^ 


r{K 


0.12 


xexp 


8 yAMb + In 




(2p,)‘''‘ 


(5.32) 


Finally substituting Eq (5.32) in Eq (5.30) I get 

^?4 ^4 / 2 5 \ 2 


X (1.79 X 10"^^) X {) X exp [SAAfb] . (5.34) 


lUa'^H^rir 


0.12 


^ 0 ^Tad 

Here the dimensionless density parameter during the epoch of radiation domination 
is given by the following expression: 


^rad 


p; 


p; 


pcpo QaH^M^ 


(5.35) 


the low energy regime of RSII dimensionless density parameter for magnetic field can be 
expressed as: 

'r{hy 


n 


B^„d = 






X (2.17 X 10"'^) X 


0.12 


X exp [4AA/b] . 


(5.33) 
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where ~ 5.7 x 10 = 5.2 x 10 Gauss^. Further using Eq (5.35) in 

Eq (5.34) I get: 

Next using Eq (3.11) in Eq (5.36) hnally I get the following relationship between the 
density parameter of the magnetic held and the CP asymmetry parameter within 
the high energy regime of RSII braneworld as 

" “ ) M ini " •'"p 


6 Constraining brane inflationary magnetic fleld from CMB 


Before going to the details of the constraints on the various models of describing the 
origin of brane inhationary magnetic held from CMB, let me introduce a rescaled 
reheating parameter dehned as [61]: 


Rsc — R'rad ^ 


1/4 

Pend 

Mr, 


Preh 

pend 


1 ^'^reh 1 /A 

12il + ^r.H) _ aend 

X — - X 

Mp CLreh 


/ 1/2 
[ _ Pend 


VlitK 


( 6 . 1 ) 


which is relevant for further analysis. Further using Eq (5.21) the lower bound of the 
rescaled reheating parameter can be expressed in terms of the tensor-to-scalar ratio 
and the magnetic held at the present epoch as: 

Rgp > 8.07 X 10-3 X ' X exp [AA4] x j • (6-2) 

In the following subsections I will explicitly discuss about the CMB constraints on 
two types of models of describing the origin of brane inhationary magnetic held. But 
in principle one can carry forward the prescribed methodology for rest of the brane 
inhationary models also. 


6.1 Monomial Models 

In case of monomial models the inhationary potential can be represented by the 
following functional form: 

(6,3) 

the low energy regime of RSII or equivalently in Gr limit the dimensionless density parameter 
for magnetic field can be expressed as: 

^ X (4-17 X 10-38) X X exp [4AA4] . (5.37) 
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where Vq = is the tunable energy scale, which is necessarily required to £x the 
amplitude of the CMB anisotropies and (3 is the monomial index which characterizes 
the feature of the potential. The variation of the monomial potential for the index 
13 = 0.7, 0.9,1.1 and the tunable scale 

^0 = 4.12 X 10"^ Mp = 10^® GeV (6.4) 

is shown in £g. 2. 


Monomial potential 



Figure 2. Variation of the monomial potential for the index /3 = 0.7,0.9,1.1. Here I fix 
the tunable scale at = 4.12 x 10“^ Mp = 10^® GeV. 


In the present context both the rescaled reheating parameter Rgc and the energy 
density at the end of inflation pend are constrained To analyze the features of the 
potential in detail here I start with the dehnition of number of e-foldings AA4(0) in 
the high energy regime of RSII setup (see Appendix 8.1 for details), using which I 
get: 


AA4(0) 


Vo 

2cr^ + 2) 




(6.7) 


After marginalization over the monomial index of the potential within 0.2 < /3 < 5 £^rid over 
the cosmological parameters the following CMB constraints are obtained within 2cr CL [75]: 


Rsc > 2.81 X 10-^^ 
4 X 10^® GeV < < 1.2 x 10^® GeV. 


(6.5) 

( 6 . 6 ) 
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Further setting 0 
computed as: 


= (t)cmb in Eq (6.7), the held value at the horizon crossing can be 


4^cmb 


1 + 


2a/3 {13 + 2) Mp^+2AA4 



1 

^+2 


( 6 . 8 ) 


where (fyend represents the held value of inhaton at the end of inhation. Within RSII 
setup from the violation of the slow-roll conditions one can compute: 


0end ~ 




(6.9) 


From monomial models of inhation the scale of the potential at the horizon crossing 
and at the end of inhation can be computed as: 


~ = Vi 


{2a(3^) 
(2cr/32) ^ . 




( 6 . 10 ) 

( 6 . 11 ) 


Further using the consistency condition in the high energy regime of RSII braneworld, 
as stated in Eq (8.2) of the Appendix C, one can derive the following expressions for 
the amplitude of the scalar power spectrum, tensor to scalar ratio and scalar spectral 
tilt as: 


Ps{K) 

r{K) 


ns{K) - 1 


{2a(3^)^^ 

1 + 


367r2 


24 




1 + fi + aa4 



6 




1 + (1 + I) AA4 



2()9+l) 

/3+2 


( 6 . 12 ) 

(6.13) 

(6.14) 


and to satisfy the joint constraint on the scalar spectral tilt and upper bound of 
tensor-to-scalar ratio as observed by Planck (2013 and 2015) and Planck+BICEP2+Keck 
Array, one need the following constraint on the monomial index f3 of the inhationary 
potential 

^ ^ 199 1 • (6.15) 

aa/-^ ^ 

The behaviour of the tensor-to-scalar ratio r with respect to the scalar spectral 
index ns and the characteristic parameter of the monomial potential f3 are plotted 
in hg. 3(a) and hg. 3(b) respectively. From 3(a) it is observed that, within 50 < 

2^For a realistic estimate, if we fix AA4 « 0(50 — 70), then the monomial index /3 is constrained 
as, 0.7 < 3 < l-l- 
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r vs ws plot for Monomial potential 



r vs jS plot for Monomial potential 



P 

(b) r vs p. 


Figure 3. Behaviour of the tensor-to-scalar ratio r with respect to 3(a) the scalar spectral 
index ns and 3(b) the characteristic parameter of the monomial potential /3. The purple and 
blue coloured line represent the upper bound of tenor-to-scalar ratio allowed by Planck+ BI- 
CEP2+Keck Array joint constraint and only Planck 2015 data respectively. The small and 
the big bubbles represent two consecutive points in r —ns plane, where for the small bubble 
AA4 = 50,r = 0.124, ns = 0.969 and for the big bubble ATV), = 70,r = 0.121, ns = 0.970 
respectively. The green shaded region bounded by two vertical black coloured lines repre¬ 
sent the Planck 2 ct allowed region and the rest of the light grey shaded region is disfavoured 
by the Planck data and Planck+ BICEP2+Keck Array joint constraint. From 3(a) it is 
observed that, within 50 < AA4 < 70 the monomial potential is favoured only for the char¬ 
acteristic index 0.7 < (3 < 1.1, by Planck 2015 data and Planck-|- BICEP2-|-Keck Array 
joint analysis. In 3(b) I have explicitly shown that the in r — /3 plane the observationally 
favoured window for the monomial index is 0.7 < /3 < 1.1. 
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Ps vs j6 plot for Monomial potential 


Ps vs Hs plot for Monomial potential 



(a) Ps vs ns- 





(b) Ps vs /3. 


ws VS )6 plot for Monomial potential 



P 


(c) n vs p. 


Figure 4. Variation of the 4(a) scalar power spectrum Ps vs scalar spectral index ns, 
4(b) scalar power spectrum Ps vs index f5 and 4(c) scalar power spectrum ns vs index 
p. The purple and blue coloured line represent the upper and lower bound allowed by 
WMAP+Planck 2015 data respectively. The green dotted region bounded by two vertical 
black coloured lines represent the Planck 2a allowed region and the rest of the light gray 
shaded region is disfavoured by the Planck+WMAP constraint. 


AA4 < 70 the monomial potential is favoured only for the characteristic index 


0.7 < P < 1.1, 


(6.16) 
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by Planck 2015 data and Planck+ BICEP2+Keck Array joint analysis. In 3(b) I 
have explicitly shown that the in r — /? plane the observationally favoured window 
for the monomial index is 0.7 < {3 < 1.1. Additionally it is important to note that, 
for monomial potentials embedded in the high energy regime of RSII braneworld, 
the consistency relation between tensor-to-scalar ratio r and the scalar spectral ns 
is given by, 

r?«4(l-ns). (6.17) 

On the other hand in the low energy regime of RSII braneworld or equivalently in 
the GR limiting situation, the consistency relation between tensor-to-scalar ratio r 
and the scalar spectral ns is modified as, 

r^^{l-ns). (6.18) 

This also clearly suggests that the estimated numerical value of the tensor-to-scalar 
ratio from the GR limit is different compared to its value in the high density regime 
of the RSII braneworld. To justify the validity of this statement, let me discuss a 
very simplest situation, where the scalar spectral index is constrained within 

0.969 <ns < 0.970, (6.19) 

as appearing in this paper. Now in such a case using the consistency relation in 
GR limit one can easily compute that the tensor-to-scalar is constrained within the 
window, 

0.080 < r < 0.083, (6.20) 

which is pretty consistent with Planck 2015 result. 

Variation of the 4(a) scalar power spectrum Ps vs scalar spectral index ns, 4(b) 
scalar power spectrum Ps vs index I3 and 4(c) scalar power spectrum ns vs index f3. 
The purple and blue coloured line represent the upper and lower bound allowed by 
WMAP-|-Planck 2015 data respectively. The green dotted region bounded by two 
vertical black coloured lines represent the Planck 2cr allowed region and the rest of the 
light gray shaded region is disfavoured by the Planck-l-WMAP constraint. From the 
fig. 4(a)-fig. 4(c) it is clearly observed that the monomial index of the the inflationary 
potential is constrained within the window 0.7 < (3 < 1.1 for the amplitude of the 
scalar power spectrum. 


2.3794 X 10“® <Ps< 2.3798 x 10“^ (6.21) 

and scalar spectral tilt, 

0.969 <ns< 0.970. (6.22) 

Now using Eq (6.12), Eq (6.13) and Eq (6.14) one can write another consistency 
relation among the amplitude of the scalar power spectrum Ps, tensor-to-scalar ratio 
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r and scalar spectral index ns for monomial potentials embedded in the high density 
regime of RSII braneworld as: 


= 


y/3+2 

*^0 




I /3+2 




6 


1-ns 


2(/i+l) 

/3+2 


y/3+2 

*^0 


(2a/32) 


13+2 




24' 


^ 2(/3+l) 
/3+2 


(6.23) 


Farther using Eq (3.28), I get the following stringent constraint on the tunable energy 
scale of the monomial models of inflation: 

.12 X 10"^^ 

( 2 ( 7 / 32)2 

The variation of the energy scale of the monomial potential with respect to the 
characteristic index f3 is shown in Eg. 5(a) and £g. 5(b), for the fixed the value of 
the brane tension at a ~ 10“® and a ~ respectively. This analysis 

explicitly shows that for cr ~ 5 x 10“^® the tensor-to-scalar ratio and scalar 
spectral tilt are constrained within the window. 



> 1+5 


(6.24) 


0.121 < r < 0.124, (6.25) 

0.969 <ns< 0.970, (6.26) 


which is consistent with 2 ct CL constraints. 

Also using Eq (6.3) the mean equation of state parameter during reheating can 
be computed as 

- 2 , . 

Wreh = (6.28) 

Variation of the mean equation of state parameter with respect to the monomial index 
(3 is explicitly shown in £g. 6. The green shaded region bounded by two vertical black 
coloured lines and two black coloured horizontal line represent the Planck 2 ct allowed 
region and the rest of the light gray shaded region is disfavoured by the Planck data 
and Planck+ BICEP2+Keck Array joint constraint. 

Hence using Eq (4.26), I get the following stringent constraint on the upper bound 
on the monomial index f3 of the inflationary potential in terms of the magnetic held 
at the present epoch as: 


<1 + A1"((5^)) 
(i-Ah‘‘‘(p/^)) 


(6.29) 


2^To satisfy the CMB constraints, if I fix AA4 « 0(50 — 70), then the mean equation of state 
parameter Wreh is constrained as. 


- 0.48 < Wreh < -0.29. 


(6.27) 
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Vo vs p plot for Monomial potential 



P 


(a) vs /3 for cr ^ 10 ® M^. 

^ Vo vs j8 plot for Monomial potential 



(b) vs /? for cr ~ 5 X 10 M^. 


Figure 5. Variation of the energy scale of the monomial potential with respect to the 
characteristic index /3. The green shaded region bounded by two vertical black coloured 
lines and two black coloured horizontal line represent the Planck 2cr allowed region and 
the rest of the light gray shaded region is disfavoured by the Planck data and Planck+ 
BICEP2+Keck Array joint constraint. In 5(a) and 5(b) I have fixed the value of the 
brane tension at a ~ 10“® Mp and a ~ 10“^® Mp respectively. This analysis explicitly 
shows that the 2cj allowed window for the parameter /3 within 0.7 < /3 < 1.1 constraints 
the scale of inflation within 1.1 x 10“^ Mp < < 1.5 x 10“^ Mp for a ~ 10“® Mp 

and 8.08 x 10“^ Mp < \/Vo < 8.13 x 10“^ Mp for cr ~ 5 x 10“^® Mp. For the first 
case the tensor-to-scalar ratio and scalar spectral tilt are constrained within the window, 
4.15 X 10“® < r < 1.44 x 10“^ and ns ~ 0.99. Here for a ~ 10“® Mp the value of r is 
consistent with the upper bound on tensor-to-scalar ratio, but the value of scalar spectral 
tilt is outside the 2a CL. On the other hand, for the second case, the tensor-to-scalar 
ratio and scalar spectral tilt are constrained within the window, 0.121 < r < 0.124 and 
0.969 < ns < 0.970, which is consistent with 2a CL constraints. 
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Figure 6. Variation of the mean equation of state parameter with respect to the monomial 
index (5. The green shaded region bounded by two vertical black coloured lines and two 
black coloured horizontal line represent the Planck 2a allowed region and the rest of the 
light gray shaded region is disfavoured by the Planck data and Planck+ BICEP2+Keck 
Array joint constraint. It is also observed from the plot that, if I fix the number of e- 
foldings within the window, AA/j, ~ 0(50 — 70), then the mean equation of state parameter 
Wreh is Constrained as, —0.48 < Wreh < —0.29. 


where 


AAfb — Mreh-^b — Afcmb;b + AA/fe. 


(6.30) 


Here using Eq (6.15) in Eq one can derive the following constraint on AA/b as: 


AA4< 


398 , 
inrT ill 

AA4 


( \ 


(6.31) 


Further using Eq (5.22) the reheating energy density can be computed as: 


Preh 


(8.46 X 10-^ M^) 

1 + ^1 + AAft 


X exp 


6/3 AA/; 
/d + 2 


X 



(6.32) 


and also using the numerical constraint on the energy density at the end of infla¬ 
tion, as stated in Eq (6.6), I get following stringent constraint on the magnetic field 
measured at the present epoch in terms of model parameter (3 for instantaneous 
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(a) Bo vs /?. 


(b) Preh vs /3. 


Rsc vs )6 plot for Monomial potential 



(c) \n{Rsc) vs /3. 


Figure 7. Variation of 7(a) the magnetic field at the present epoch Bq, 7(b) reheating 
energy density and 7(c) logarithm of reheating characteristic parameter with respect to 
the characteristic index (3 of the hilltop potential for AA4 = 50, |AA4| = 7 and a ~ 
5 X 10“^® Mp.. The green shaded region bounded by two vertical black coloured lines and 
two black coloured horizontal line represent the Planck 2a allowed region and the rest of 
the light gray shaded region is disfavoured by the Planck data and Planck+ BICEP2+Keck 
Array joint constraint. In 7(a)-7(c) the black horizontal dotted line correspond to the 2a 
CL constrained value of the magnetic field at the present epoch, reheating energy density 
and ln(i?sc)- 
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Preh VS fio/v 2 Pj plot for Monomial potential 



^o/V 2 Py 

(a) Preh \/^P7- 


/fsc vs 5o/y 2 plot for Monomial potential 



fio/V 2 Py 

(b) ln(i?sc) vs 


Figure 8. Variation of 8(a) the reheating energy density and 8(b) logarithm of reheating 
characteristic parameter with respect to the scaled magnetic field at the present epoch 




for the characteristic index /3 = Q.l{blue),^.9i{red),Q.9{green),l.{){purple),l.l{hrown). 
Here I fix AA4 = 50, AA4 = 7 and cr ~ 5 x 10“^® . 
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reheating as: 


(8.68 X 10-®)"^'" 

1 + 


AA4 


exp 

6(4-/3)AA7' 

/3-t2 



Bn 


\/2p^ 


< 


(7.02 X 10-^)"^'" 

1 + 


AA4 

/3 

exp 

6(4-/3)AA7' 

/3+2 



(6.33) 


Next using Eq (5.36), I get the following constraint on the dimensionless magnetic 
density parameter: 








1 + (^1 + I) AA/) 


X (7.16 X 10-^3) X exp [8A^^h] . (6.34) 


Finally the rescaled reheating parameter can be expressed in terms of the model 
parameters of the monomial models of inflationary potential as: 




3.03 X 10 


-2 


1 + (1 + 1) AA/j 


3/3 AA4 

Vi ^ [^(^ 


X 


I ■\/2p7 J 


(6.35) 


and using the numerical constraint on the rescaled reheating parameter as stated in 
Eq (6.5) I get the lower bound on the present value of the magnetic field for the 
monomial potentials as: 


Bo 


> 


8.6 X 10-23 X 

1 + ^1 + AA/j) 

1/2 

exp 

'3l3AMb 

l3+2 



(6.36) 


In fig. 7(a), fog. 7(b) and in fig. 7(c) I have explicitly shown the variation of the 
magnetic field at the present epoch Bq, reheating energy density preh and logarithm 
of reheating characteristic parameter ln(i75c) with respect to the characteristic index 
(3 of the monomial potential for the number of e-foldings AA4 = 50. The green 
shaded region bounded by two vertical black coloured lines and two black coloured 
horizontal line represent the Planck 2a allowed region and the rest of the light gray 
shaded region is disfavoured by the Planck data and Planck-|- BICEP2-|-Keck Array 
joint constraint. Also in Eg. 8(a) and in fig. 8(b) I have depicted the behaviour of 
the reheating energy density preh and logarithm of reheating characteristic parameter 
ln(i?sc )5 with respect to the scaled magnetic held at the present epoch Bq/ a/ 2)^ for 
the characteristic index 0.7 < (3 < 1.1. 

^®For instantaneous reheating the energy density of inflaton at the end of inflation is instanta¬ 
neously converted to the reheating energy density or radiation and the instantaneous transition 
occurs at pend = Preh- Commonly this physical situation is known as instantaneous entropy gener¬ 
ation scenario [69]. 
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Further using Eq (6.13) in Eq (3.39) and Eq (3.61) finally I get the following 
constraints on the regulating factor within RSII setup as 


fK 

Efe(/cL = ko, K) X ( 


2/5 


0(1.58 X 10“^^) X 


1 + 


1 + ^1 AA/fo 


(6.38) 


which is compatible with the observed/measured bound on CP asymmetry and 
baryon asymmetry parameter. 

From fig. 7(a), fig. 7(b) and fig. 7(c) I get the following 2cr constraints on magneto 
reheating cosmological parameters computed from the monomial inflationary model: 


5.969 X 10 Gauss < Bq = 


5 < 4.638 X 10 ® Gauss, 

(6.39) 

1.940 X 10"^^^ 

< Pbq = -Bo/2 

< 1.171 X 10"^^° 

(6.40) 

4.061 X 10“® 

preh 

1.591 X 10“^ 

(6.41) 

6.227 X 10-^ X Mp 

< Treh < 

4.836 X 10-^ X 

MpiQA2) 

total 

r\j 

0.24 Mp, 

(6.43) 

1.55 X 10“^ 

< Rsc < 

1.24 X 10■^ 

(6.44) 

CCP 


0(10-®), 

(6.45) 

Vb 


0(10-9), 

(6.46) 

0.121 

< r < 

0.124, 

(6.47) 

0.969 

<ns< 

0.970, 

(6.48) 

2.3794 X 10"^ 

< Ps < 

2.3798 X 10-9, 

(6.49) 

8.08 X 10“^ Mp 

<</Vo< 

8.13 X 10-® Mp, 

(6.50) 


for the number of e-foldings AA/j, = 50, | AA4| = 7, mean equation of state parameter 
—0.48 < Wreh < —0.29 and ^rad.h'^ ~ 2.5 x 10“^, along with the following restricted 
model parameter space: 


0.7 < P < 1.1, 


(6.51) 

a ~ 5 X 10-^® Mp^ 

M® \ 

(6.52) 

Mg ~ 1^1.042 X 10-®^ X 

p \ 

IA5I/ 

(6.53) 


It is important to note that, if I choose different parameter space by allowing fine 
tuning in-(l) the energy scale of monomial potential Vq = M^, (2) the brane tension 

After fixing AA/& « 0(50 — 70), the regulating factor within RSII can be constrained as, 


3.06 X 10-1® < ^b{kL 


ko,K) X 



< 3.13 X 10-1®, 


(6.37) 


which is consistent with the upper bound mentioned in Eq (3.50). 
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a and (3) the characteristic index of the monomial potential [3 then the overall 
analysis and the obtained results suggests that- 

• For /3 < 0.7, the amplitude of the scalar power spectrum Ps match the Planck 
2015 data and also consistent with the joint constraint obtained from Planck 
+BICEP2 +Keck Array. But the allowed range for scalar spectral tilt ns is 
outside the observational window. Also in this regime the value of tensor-to- 
scalar ratio r is lower compared to the upper bound i.e. r « 0.12. On the 
other hand, for very low f3 the estimated value of the magnetic held at the 
present epoch Bq from the monomial model is very very small and can reach 
up to the lower bound 

Bq > 10“^^ Gauss. (6.54) 

Similarly for low (3, the reheating energy density preh or equivalently the re¬ 
heating temperature T^eh falls down and also the rescaled reheating parameter 
Rsc decrease. 

• For 1.1 < (3 < 1.2, both the amplitude of the scalar power spectrum Ps and the 
scalar spectral tilt ns are perfectly consistent with the Planck 2015 data and 
also consistent with the joint constraint obtained from Planck-|-BICEP2-|-Keck 
Array. But for [3 > 1.2 the estimated value of the amplitude of the scalar 
power spectrum falls down from its predicted bound from observation. Also for 
[3 > 1.2 region the value of tensor-to-scalar ratio r is very very large compared 
to its the upper bound i.e. r >> 0.12. As (3 increases the estimated value of 
the magnetic held at the present epoch Bq exceeds the upper bound i.e. 

Bq » 10“® Gauss (6.55) 

as obtained from Faraday rotation. Additionally in the large [3 regime the re¬ 
heating energy density preh or equivalently the reheating temperature T^eh and 
the rescaled reheating parameter Rgc are not consistent with the observational 
constraints. 


6.2 Hilltop Models 


In case of hilltop models the inhationary potential can be represented by the following 
functional form; 


E(0) = Go 



(6.56) 


where Vq = is the tunable energy scale, which is necessarily required to hx the 
amplitude of the GMB anisotropies and (3 is the characteristic index which character¬ 
izes the feature of the potential. In the present context Vq mimics the role of vacuum 
energy and the scale of inhation is hxed by this correction term. The variation of the 
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hilltop potential for the index (3 = 2, A, 6, mass parameter /i = 0.1 Mp, 1 Mp, 10 Mp 
and the tunable scale 


^ = 4.12 X 10“^ Mp = 10^® GeV (6.57) 

is shown in fig. 9(a), fig. 9(b) and fig. 9(c) respectively. To analyze the detailed 
features of the hilltop potential here I start with the definition of number of e-foldings 
AATbi^cf)) in the high energy regime of RSII setup (see Appendix 8.1 for details), using 
which I get: 

2a/3 {/3 - 2) M2 ^ 

Further setting 0 = (pcmb in Eq (6.58), the field value at the horizon crossing can be 
computed as: 

1 

2-P 

(6.59) 


0cm6 ~ 4^end 


1 + 


2a(3 (0 - 2) M^A^^b 


where 0end represents the field value of inflaton at the end of inflation. Within RSII 
setup from the violation of the slow-roll conditions one can compute: 


0end ~ 


Vo \ / p \ 

2a \Mp) 


p-i 


Mp. 


(6.60) 


From hilltop models of inflation the scale of the potential at the horizon crossing and 
at the end of inflation can be computed as: 


Pcmb ~ V{(j)cmb) — Vq 


^ 0cmf) ^ 


= Rn 


1 - 


2a y 

Pend ~ V{(l)end) Eg 1 


X ^ X -I- 

Ro ^ [_p_\ 
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2aP {(3 - 2) M^AATb 
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= Rn 


1 - 


(JL 

2(t/32 


Rq a f JJ^ 

2a y) 


0 { 2 - 0 ) 




0-1 


, (6.61) 


(6.62) 


Further using the consistency condition in the high energy regime of RSII braneworld, 
as stated in Eq (8.2) of the Appendix 8.1, one can derive the following expressions 
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Hilltop potential 




(a) For ^ = 10 Mp. 



0.0 0.2 0.4 0.6 0.8 1.0 

(f) (in Mp) 


(b) For /r = 1 Mp. 


Hilltop potential 



(c) For fi = 0.1 Mp. 


Figure 9. Variation of the hilltop potential for the index /3 = 2,4, 6. Here I fix the tunable 
scale at (/Th = 4.12 x 10“^ Mp = 10^® GeV. 
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for the tensor to scalar ratio and scalar spectral tilt as: 




Ps(k.) = 




2-/3 


2o-/3(/3-2)M^AA/'f, 


2-/3 /3(2-/3) 

(4) 


2(/3-l) 

2-/3 


gg^2 1 1 + - ^ - 


2(/3-l) 

2-/3 


r(fc*) = 24 1 + 


2ct/? (/3 - 2) AA4 

2^3 

2{/3-l) 


2al3- 


Mr, 




2(/3-l) 

2-/3 


- 1 -6 < 1 -h 


2a/? (/? - 2) AA4 


2o-;3- 


Vo \ 2(/3-l) f M V-l T/ 

~ mT >^0 


(6.63) 


(6.64) 


(6.65) 


and to satisfy the joint constraint on the scalar spectral tilt and npper bonnd of 
tensor-to-scalar ratio as observed by Planck (2013 and 2015) and Planck-|-BICEP2-|-Keck 
Array, one need the following constraint on the parameters of the inflationary po¬ 
tential: 


2aAA4 exp 


Vk 


< 


2.65(^-2) 

(/3-1) 


Vk 


2a/?^ 


2-/3 

2(13-1) 


JL 

Mr, 


/3-1 


( 6 . 66 ) 


/?(/? - 2 ) 

The behavionr of the tensor-to-scalar ratio r with respect to the scalar spectral index 
ns and the characteristic parameter of the hilltop potential /? are plotted in Eg. 10(a) 
and £g. 10(b) respectively. 

From 10(a) it is observed that, within 50 < AA/j, < 70 the hilltop potential is 
favonred for the characteristic index 


(3 > 2.04, (6.67) 

by Planck 2015 data and Planck-I- BICEP2-|-Keck Array joint analysis. In 10(b) I 
have explicitly shown that the in r — /? plane the observationally favonred window 
for the characteristic index is /? > 2.04. Additionally it is important to note that, 
for hilltop potentials embedded in the high energy regime of RSII braneworld, the 
consistency relation between tensor-to-scalar ratio r and the scalar spectral ns is 
given by, 

r cs 4(1 — ns)- (6.68) 

On the other hand in the low energy regime of RSII braneworld or eqnivalently in 
the GR limiting sitnation, the consistency relation between tensor-to-scalar ratio r 
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r vs ws plot for Hilltop potential 



ns 

(a) r vs ns- 


rvsfi plot for Hilltop potential 



(b) r vs j3. 


Figure 10. Behaviour of the tensor-to-scalar ratio r with respect to 10(a) the scalar 
spectral index ns and 10(b) the characteristic parameter of the hilltop potential j3 for the 
brane tension a ~ 10“® Mp and the mass scale parameter ^ = 5.17 Mp. The purple and 
blue coloured line represent the upper bound of tenor-to-scalar ratio allowed by Planck+ 
BICEP2+Keck Array joint constraint and only Planck 2015 data respectively. The small 
and the big bubbles represent two consecutive points in r — plane, where for the small 
bubble AA4 = 50, r = 0.124, ns = 0.969 and for the big bubble AA4 = 70, r = 0.121, ns = 
0.970 respectively. In 10(a) and 10(b) the green dotted region signifies the Planck 2a 
allowed region and the rest of the light grey shaded region is excluded by the Planck data 
and Planck+ BICEP2+Keck Array joint constraint. Erom 10(a) it is observed that, within 
50 < AA4 < 70 the hilltop potential is favoured for the characteristic index /3 > 2.04, 
by Planck 2015 data and Planck+ BICEP2+Keck Array joint analysis. In 10(b) I have 
explicitly shown that the in r — /3 plane the observationally favoured lower bound for the 
characteristic index of the hilltop potential is /3 > 2.04. 
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Ps vs fis plot for Hilltop potential 


Ps vs j6 plot for Hilltop potential 




«s ^ 


(a) Ps vs ns- (b) Ps vs /3. 

VS jS plot for Hilltop potential 



j6 

(c) n vs p. 

Figure 11. Variation of the 11(a) scalar power spectrum Ps vs scalar spectral index ns, 
11(b) scalar power spectrum Ps vs index /3 and 11(c) scalar power spectrum ns vs index 
p. The purple and blue coloured line represent the upper and lower bound allowed by 
WMAP+Planck 2015 data respectively. The green dotted region bounded by two vertical 
black coloured lines represent the Planck 2a allowed region and the rest of the light gray 
shaded region is disfavoured by the Planck+WMAP constraint. 
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and the scalar spectral ns is modified as, 

r ^^{1-ns). (6.69) 

This also clearly suggests that the estimated numerical value of the tensor-to-scalar 
ratio from the GR limit is different compared to its value in the high density regime 
of the RSII braneworld. To justify the validity of this statement, let me discuss a 
very simplest situation, where the scalar spectral index is constrained within 

0.969 <ns < 0.970, (6.70) 

as appearing in this paper. Now in such a case using the consistency relation in 
GR limit one can easily compute that the tensor-to-scalar is constrained within the 
window, 

0.080 < r < 0.083, (6.71) 

which is pretty consistent with Planck 2015 result. 

Variation of the 11(a) scalar power spectrum Ps vs scalar spectral index ns, 
11(b) scalar power spectrum Ps vs index /3 and 11(c) scalar power spectrum ns vs 
index f3. The purple and blue coloured line represent the upper and lower bound 
allowed by WMAP-I-Planck 2015 data respectively. The green dotted region bounded 
by two vertical black coloured lines represent the Planck 2a allowed region and the 
rest of the light gray shaded region is disfavoured by the Planck-l-WMAP constraint. 
From the fig. ll(a)-fig. 11(c) it is clearly observed that the characteristic index of 
the the inflationary potential is constrained within the window 

2.04 < /3 < 2.4 (6.72) 

for the amplitude of the scalar power spectrum, 

2.3794 X 10"^ <Ps < 2.3798 x 10"^ (6.73) 


and scalar spectral tilt, 

0.969 <ns < 0.970. (6.74) 

Now using Eq (6.63), Eq (6.64) and Eq (6.65) one can write another consistency 
relation among the amplitude of the scalar power spectrum Ps, tensor-to-scalar ratio 
r and scalar spectral index ns for hilltop potentials embedded in the high density 
regime of RSII braneworld as: 


Rn 


P^ = 


1 _ ( ^0 I JU n ^ 2(13-1) 

^ 1 2(Tfl2 1 \M„ \ 6 ) 


67r2(l — ns) 


2Rn 


I — ( P) j ( JU j ^ ^ ( JL) 2(13-1) 

^ \ 2ap2 ] \ Mr, j V24/ 




(6.75) 
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Figure 12. Variation of the energy scale of the hilltop potential with respect to the 
characteristic index /3 for the brane tension a ~ 10“® Mp and the mass scale parameter 
/X = Mp. The green dotted region bounded by two vertical black coloured lines and one 
black coloured horizontal line represent the Planck 2a allowed region and the rest of the 
light gray shaded region is disfavoured by the Planck data and Planck+ BICEP2+Keck 
Array joint constraint. This analysis explicitly shows that the 2a allowed window for the 
parameter j3 within 2.04 < f3 < 2.4 constraints the scale of inflation within 8.08 x 10“^ Mp < 
\/Vo < 8.13 X 10“^ Mp. Here for a ~ 10“® Mp the tensor-to-scalar ratio and scalar spectral 
tilt are constrained within the window, 0.121 < r < 0.124 and 0.969 < ns < 0.970, which 
is consistent with 2cr CL constraints. 


Further using Eq (3.28), I get the following stringent constraint on the tunable energy 
scale of the hilltop models of inflation: 


Vo = M^ < 5.98 X 10“® M^. 


(6.76) 


The variation of the energy scale of the hilltop potential with respect to the char¬ 
acteristic index (3 for the brane tension a ~ 10“® Mp and the mass scale parameter 
/i = Mp is shown in Eg. 12. This analysis explicitly shows that for a 10-9 M^ 
the tensor-to-scalar ratio and scalar spectral tilt are constrained within the window, 
0.121 < r < 0.124 and 0.969 < ns < 0.970, which is consistent with 2a CL con¬ 
straints. Further using Eq (5.22) and Eq (5.23) the reheating energy density can 
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(a) Bo vs (3. 


(b) preh vs /3. 


/?sc vs P plot for Hilltop potential 



j8 


(c) \n{Rsc) vs p. 


Figure 13. Variation of 13(a) the magnetic field at the present epoch Bq, 13(b) reheating 
energy density and 13(c) logarithm of reheating characteristic parameter with respect to the 
characteristic index /3 of the hilltop potential for AA4 = 50, |AA4| = 11.5, a ~ 10“® M^, 
fi = I Mp and Wreh = 0. The green dotted region bounded by two vertical black coloured 
lines and two black coloured horizontal line represent the Planck 2cr allowed region and 
the rest of the light grey shaded region is disfavoured by the Planck data and Planck+ 
BICEP2+Keck Array joint constraint. In 13(a)-13(c) the black horizontal dotted line 
correspond to the 2cj CL constrained value of the magnetic field at the present epoch, 
reheating energy density and ln(i?sc)- 


51 






















Preh VS Bq/^ 2 Py plot for Hilltop potential 



^0/y 2 Py 

(a) Preh VS Bo/ 


Rgc vs ^o/v 2 Py plot for Hilltop potential 



^0 /^ ^ Py 


(b) ln(i?sc) vs Bol^/2f^. 


Figure 14. Variation of 14(a) the reheating energy density and 14(b) logarithm of reheat¬ 
ing characteristic parameter with respect to the scaled magnetic held at the present epoch 
for the characteristic index (3 = 2.04(re(i), 2A{blue) , A{purple) . 
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be computed as: 


2(/3-l) 

2-/3 


Preh > (8.46 X 10-" M;) X <( 1 + 


2cr/3 {13 - 2) AA4 
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2tT/32 

exp [SAA/fo] X 

exp [4AA4] 


f—^ 

\ ^2^7 y 
\ . 


5n 


V^y 


for = 0 

4 AA/;, 

flp ^ 

for u)reh A 0- 


(6.77) 

Next using Eq (5.36), I get the following constraint on the dimensionless magnetic 
density parameter: 


4(/3-l) 

2-/3 




2AaHlpl 


■x(7.16xl0"^^)x { 1 + 


2a/3 (A - 2) AA4 


2(7/3" 


xexp [8AA4] 




(6.78) 

Finally the rescaled reheating parameter can be expressed in terms of the model 
parameters of the hilltop models of inflationary potential as 


/3-1 

2(2-13) 


Rsc = 3.03 X 10"2 X <; 1 


2a/3 {/3 - 2) AA4 

2-0 0 
2 (/ 3 -l) f p-1 


2(7^2 




exp [AA/;,] X 


En 


f—V 

I \/2p7y 


and using the numerical constraint on the rescaled reheating parameter as stated in 
Eq (6.79) I get the lower bound on the present value of the magnetic field as: 


{ 'I 3(13-2) 

1 + - 2(7^g-2)AAr, ^ - I 

ySy ^ exp [lAA//] 


(6.81) 


In Eg. 13(a), fig. 13(b) and £g. 13(c) I have explicitly shown the variation of the 
magnetic held at the present epoch Bq, reheating energy density preh and logarithm 
of reheating characteristic parameter ln(i? 5 c) with respect to the characteristic index 

^^The CMB constraint on the lower bound of the rescaled reheating parameter for hilltop models 
within 2cr CL is given by [75]: 

> 9.29 X IQ-^h (6.79) 
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(6.80) 































/3 of the hilltop potential for the number of e-foldings AA4 = 50, | AA4| = 11.5, brane 
tension a ~ 10“® M^, mass scale parameter /i = 1 Mp and mean equation of state 
parameter Wreh = 0. The green dotted region bounded by two vertical black coloured 
lines and two black coloured horizontal lines represent the Planck 2a allowed region 
and the rest of the light grey shaded region is disfavoured by the Planck data and 
Planck-|- BICEP2-|-Keck Array joint constraint. Also in fig. 14(a) and in fig. 14(b) 
I have depicted the behaviour of the reheating energy density preh and logarithm of 
reheating characteristic parameter ln(i?sc), with respect to the scaled magnetic held 
at the present epoch Bq/^J 2p^ for the characteristic index 2.04 < {3 < 2.4. 

Using Eq (6.64) in Eq (3.39) and Eq (3.61), hnally I get the following constraints 
on the magnetic regulating factor within RSII setup as 


S6(/cl = fco,^*) X (j 


0(1.99 X 10“^^) X {1 + 


2a/3 {/3 - 2) AAfh 


2-/3 

_ycL ^ 


20-/32 




-1 


r Ur 


2(/3-l) 

/ 3-2 


(6.83) 


which is compatible with the observed/measured bound on CP asymmetry and 
baryon asymmetry parameter. 

From £g. 10(a)-£g. 13(c), I get the following 2cr constraints on cosmological 
parameters computed from the hilltop inhationary model: 


1.238 X 10“^ Gauss < Bq = - 

< 1.263 X 10“^ Gauss, 

(6.84) 

8.345 X 10"^^^ 

< pBo - BI/2 

< 8.685 X 10“^^^ 

(6.85) 

4.945 X 10"^^ 

^ Preh ^ 

5.128 X 10"^^ 

(6.86) 

6.227 X 10“^ X Mp 

< Treh < 

6.283 X 10“^ X 

Mp,(6.87) 

r total 

r\j 

1.7 X 10"^ Mp, 

(6.88) 

7 X 10"'^ 

< Rsc < 

7.11 X 10■^ 

(6.89) 

^CP 
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o 

1 

(6.90) 

Vb 

rsj 

0(10-^), 

(6.91) 

0.121 

<r < 

0.124, 

(6.92) 

0.969 

<ns < 

0.970, 

(6.93) 

2.3794 X 10“® 

< Ps < 

2.3798 X 10“®, 

(6.94) 

8.08 X 10"^ Mp 

<</Vo< 

8.13 X 10"^ Mp, 

(6.95) 

After fixing AA/& « 0(50 — 70), the 

regulating factor within RSII can be constrained as, 

(M^\ 

Y.b{kL = fco, fc*) X ^ < 3.98 X 10-1®, 

(6.82) 


which is consistent with the upper bound mentioned in Eq (3.50). 
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for the number of e-foldings AA/f, = 50, |AA4| = 11.5, mean equation of state 
parameter Wreh = 0 and flradh"^ ~ 2.5 x 10“^, along with the following restricted 
model parameter space: 


2.04 <(3 < 

2.4, 


(6.96) 

p ~ 



(6.97) 

(7 ~ 

10-® 

M® \ 

(6.98) 


1^4.170 X 10“^° X 

p 1 

IA5I; 

(6.99) 


It is important to mention here that, if I choose different parameter space by allowing 
hne tuning in-(l) the energy scale of hilltop potential Vq = (2) the mass scale 

parameter jj, of the hilltop model, (3) the brane tension a and (4) the characteristic 
index of the hilltop potential (5 then the overall analysis and the obtained results 
suggests that- 

• For f3 < 2.04, the amplitude of the scalar power spectrum Ps and the scalar 
spectral tilt ns match the Planck 2015 data and also consistent with the joint 
constraint obtained from Planck-|-BICEP2-|-Keck Array. But in this regime 
the value of tensor-to-scalar ratio r exceeds the upper bound i.e. r > 0.12. On 
the other hand, for very low /3 the estimated value of the magnetic held at the 
present epoch Bq from the hilltop model is very very small and can be able to 
reach up to the lower bound 


Bq > 10 Gauss. (6.100) 

Similarly for low (3, the reheating energy density preh or equivalently the re¬ 
heating temperature Trek falls down and also the rescaled reheating parameter 
Rsc decrease. 

• For /3 > 2.4, the amplitude of the scalar power spectrum Ps and the scalar 
spectral tilt ns are perfectly consistent with the Planck 2015 data and also 
consistent with the joint constraint obtained from Planck-|-BICEP2-|-Keck Ar¬ 
ray. But in this case the value of tensor-to-scalar ratio r is very very small 
compared to its the upper bound i.e. r << 0.12. As [3 increases the estimated 
value of the magnetic held at the present epoch Bq exceeds the upper bound 
i.e. 

Bq » 10“® Gauss (6.101) 

as obtained from Faraday rotation. Additionally in the large (3 regime the re¬ 
heating energy density preh or equivalently the reheating temperature T^eh and 
the rescaled reheating parameter Rgc are not consistent with the observational 
constraints. 
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7 Summary 

To summarize, in the present article, I have addressed the following points: 

• I have established a theoretical constraint relationship on inflationary magnetic 
held in the framework of Randall-Sundrun braneworld gravity (RSII) from: (1) 
tensor-to-scalar ratio (r), (2) reheating, (3) leptogenesis and (4) baryogenesis 
for a generic large and small held model of inhation with a hat potential, where 
inhation is driven by slow-rolh 

• For such a class of model it is also possible to predict amount of magnetic held 
at the present epoch (Bq) by measnring non-vanishing CP asymmetry (ecp) in 
leptogenesis and baryon asymmetry ( 77 ^) in baryogenesis or the tensor-to-scalar 
ratio in the inhationary setnp. 

• Most signihcantly, once the signature of primordial gravity waves will be pre¬ 
dicted by in any near future observational probes, it will be possible to comment 
on the associated CP asymmetry and baryon asymmetry and vice versa. 

• In this paper I have used important cosmological and particle physics con¬ 
straints arising from Planck 2015 and Planck-|-BICEP2/Keck Array joint data 
on the amplitude of scalar power spectrum, scalar spectral tilt, the upper bound 
on tenor to scalar ratio, lower bonnd on rescaled characteristic reheating param¬ 
eter and the bonnd on the reheating energy density within 1.5a —2a statistical 
CL. 

• Farther assnming the conformal invariance to be restored after inhation in the 

framework of Randall-Sundrum single braneworld gravity (RSII), I have explic¬ 
itly shown that the reqnirement of the sub-dominant featnre of large scale mag¬ 
netic held after inhation gives two fold non-trivial characteristic constraints- 
on equation of state parameter [w) and the corresponding energy scale during 
reheating epoch. 

• Hence avoiding the contribution of back-reaction from the magnetic held I 
have established a bonnd on the reheating characteristic parameter {Rrh) and 
its rescaled version {Rgc), to achieve large scale magnetic held within the pre¬ 
scribed setup and apply the Cosmic Microwave Backgronnd (CMB) constraints 
as obtained from recent Planck 2015 data and Planck-|-BICEP2/Keck Array 
joint data. 

• To this end I have explicitly shown the cosmological conseqnences from two spe- 
cihc models of brane inhation- monomial (large held) and hilltop (small held) 
after applying all the constraints obtained from inhationary magnetic held. 
For monomial models I get, 5.969 x 10“^° Gauss < Bq < 4.638 x 10“® Gauss, 
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4.061 X 10-^ < Preh < 1-591 X 10-3 1.940 x 10-^32 ^ ^ 

1.171 X 10-330 M*, 6.227 x 10-^ x Mp < Treh < 4.836 x 10-3 x Mp, 
Ttotai ~ 0.24 Mp, 1.55 X 10-3 < R,, < 1.24 x 10-^, ecP ~ 0(10-6), gj, ~ 
0(10-9), 0.121 < r < 0.124, 0.969 < ns < 0.970, 2.3794 x lO-^ < Ps < 
2.3798 X 10-9, 8.08 x 10-3 Mp < ^ < 8.13 x 10-3 Mp for 0.7 < (3 < 1.1, 
—0.48 < Wreh < —0.29, AA/fe = 50, AA/), = 7 and a ~ 5 x lO-^® M^. Simi¬ 
larly for hilltop models I get, 1.238 x 10-9 Gauss < Bq < 1.263 x 10-9 Gauss, 
4.945 X 10-34 M4 < < 5.128 x 10-34 M*, 8.345 x 10-332 M^ < < 

8.685 X 10-332 m 4, 6.227 x 10-4 x g7^^^ Mp < Treh < 6.283 x 10-4 x Mp, 
Ttotai ~ 1-7 X 10-4 Mp, 7 X 10-6 < R,, < 7.11 x lO-^, ecP ~ 0(10-6), 

Pb ~ 0(10-9), 0.121 < r < 0.124, 0.969 < ns < 0.970, 2.3794 x 10-9 < Ps < 
2.3798 X 10-9, 8.08 x 10-3 Mp < ^ < 8.13 x 10-3 Mp for 2.04 < /3 < 2.4, 
Wreh = 0, AA/fo = 50, AA/fe = 11.5, a ~ 10-9 Mp and p = 1 Mp. 

• The prescribed analysis performed in this paper also shows that the estimated 
cosmological parameters for both of the models confronts well with the Planck 
2015 data and Planck-I-BIGEP2-I-Keck Array joint constraint within 2a GL for 
restricted choice of the parameter space of the model parameters within the 
framework of Randall-Sundrum single braneworld. Also it is important men¬ 
tion here that by doing parameter estimation from both of these simple class 
of models, it is clearly observed that the magneto-reheating constraints serve 
the purpose of breaking the degeneracy between the inflationary observables 
estimated from both of these inflationary models. 

Further my aim is to carry forward this work in a more broader sense, where I will 
apply all the derived results to the rest of the inflationary models within RSII setup. 
The other promising future prospects of this work are- 

1. One can follow the prescribed methodology to derive the cosmological con¬ 
straints in the context of various modihed gravity framework i.e. Dvali-Gabadadze- 
Porrati (DGP) braneworld [70], Einstein-Hilbert-Gauss-Bonnet (EHGB) grav¬ 
ity [36, 71], Einstein-Gauss-Bonnet-Dilaton (EGBD) gravity [34, 35, 37, 38] 
and f{R) theory of gravity [73, 74] etc. 

2. Hence using the derived constraints one can constrain various classes of large 
and small held inhationary models [ 68 , 76, 77, 77, 79-82] within the framework 
of other modihed theories of gravity. 

3. One can explore various hidden cosmological features of GMB E-mode and 
B-mode polarization spectra from the various modihed gravity frameworks, 
which can be treated as a signihcant probe to put further stringent constraint 
on various classes of large and small held inhationary models. 
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4. One can study the model independent prescription of describing the origin of 
primordial magnetic held by reconstructing inhationary potential [62, 83] from 
various cosmological constraints from the observed data. 

5. One can also implement the methodology for the alternative theories of in- 
hation i.e. bouncing frameworks and related ideas. For an example one can 
investigate for the cosmological implications of cosmic hysteresis scenario [84] 
in the generation of primordial magnetic held. 

6 . Explaining the origin of primordial magnetic held in presence of non-standard/ 
non-canonical kinetic term, using non-minimal inhaton coupling to gravity sec¬ 
tor, multi-held sector and also exploring the highly non-linear regime of held 
theory are serious of open issues in this literature. String theory originated DBI 
and tachyonic inhationary frameworks are the two prominent and well known 
examples of non-standard held theoretic setup through which one can explore 
various open questions in this area. 
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8 Appendix 


8.1 Inflationary consistency relations in RSII 

In the context of RSII the spectral tilts {ns,nT), rnnning of the tilts ( 05 , or) and 
running of the running of tilts {kt, Ks) at the momentum pivot scale fc* can be 
expressed as: 


ns{K) - 1 = 2?7b(0*) - 6eb{K), (8.1) 

ririK) = -3eb{K) = ( 8 . 2 ) 

O 

as{K) = 16rib{K)eb{K) - 18el{K) - (8.3) 

ariK) = Qr]b{k*)eb{K) - 9e^(fc*), (8.4) 

ks{K) = 152r]b{K)el{K) - 32eb{K)r]l{K) - 108el{K) 

- 24^l{K)eb{K) + 27]b{K)il{K) + 2al{K), (8.5) 


k,t{K) = 66rib{K)el{K) - 12eb{K)7]l{K) - dieKK) - Qeb{K)il{K). ( 8 . 6 ) 


In terms of slow-roll parameters in RSII setup one can also write the following sets 
of consistency conditions for brane inflation: 


nrik^) - ns{K) + 1 


ar^K) - as{K) 
kt{K) - ks{K) 


/ (ilnr(fc)\ 

V dlnfc ) ^ ' 

/ dP Inr(fc) \ 

V 

/ d? Inr(fc) \ 



+ 2 


4 ^ - 2r,,ik.) 

' fr{K)V 20 
\ 8 ) 3 



(8.7) 


r{K) \ 

8 ) 


+ 2^6(^*) 


( 8 . 8 ) 


(8.9) 

+ 2r]f,(fc*)^^(fc*) + 2 ct^(/c*) . 


Here Eq (8.7-8. 9)) represent the running, running of the running and running of the 
double running of tensor-to-scalar ratio in RSII brane inflationary setup. Within high 
energy limit p » a the slow-roll parameters in the visible brane can be expressed 
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and consequently the number of e-foldings can be written as: 
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AA/f, — Mb{(t>cmb) — ■M,(0e) 


J<p. 


<t>cmb V‘^{(j)) 


( 8 . 10 ) 

( 8 . 11 ) 

( 8 . 12 ) 

(8.13) 

(8.14) 


where (pe corresponds to the field value at the end of inflation, which can be obtained 
from the following constraint equation: 

max [eb, \vb\, iCbl, Wb\] = 1- (8-15) 

0—0e 

8.2 Evaluation of iyL^k\) integral kernel 
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where 2 = 77,^ +2, V = as! and T = kb/6. 


8.3 Evaluation of J{kL,k\) integral kernel 
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